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Abstract 
This study investigated the influence of riparian vegetation condition on 
movement and microhabitat use by Mixophyes fasciolatus, in south east Queensland. 
Stream-associated anurans such as M. fasciolatus are biphasic, and their occurrence 
therefore relies upon both stream health and the surrounding riparian vegetation 
condition. Riparian vegetation in Australia has been inadequately managed and the 
ecological condition of riparian habitats continues to be threatened by urbanisation. 
As a result, many stream-associated anuran populations have experienced population 
declines. Although M. fasciolatus has not undergone any populations declines, 
negative responses to logging for this species have been described. However, 
investigation into the movement and microhabitat use of this species in sites that 
differ in the ecological condition of riparian vegetation has not yet been undertaken. 
Furthermore, due to the apparent resilience of M. fasciolatus to decline, while three 
congeneric species have suffered serious population declines, investigation of this 
species could provide insight into terrestrial processes threatening stream breeding 
frogs in general.  
The direct method of spool and line tracking was therefore utilised to quantify 
the movement, area of utilisation and diurnal refuge microhabitat use by 29 M. 
fasciolatus over a two-night period, in three sites ranging from low to high quality, 
located within the D'Aguilar National Park and the adjacent suburb of Highvale, in 
south east Queensland. It was found that movements and microhabitat use varied 
between the three sites. M. fasciolatus moved greater distances and utilised larger 
areas over two nights in the sites of lower riparian vegetation condition. Furthermore, 
patterns of movement and space use sharing in the lower condition sites varied in 
comparison to the highest condition site. These differences in microhabitat use 
between the sites were thought to be the result of reduced availability and patchiness 
of resources, due to the lower riparian vegetation condition. Diurnal refuge 
microhabitat use was also found to vary in relation to riparian vegetation condition. 
For all sites, leaf litter was present at diurnal refuges in greater proportions than site 
averages, while forb or shrub cover proportions were lower than site averages, 
demonstrating that M. fasciolatus actively select diurnal refuge locations based on 
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specific microhabitat components. Furthermore, in the lowest condition site C, 
invasive grass was highly utilised in diurnal refuge locations, indicating M. 
fasciolatus do not avoid areas with non-native grass cover when choosing a refuge 
site. Because the movements and microhabitat use by M. fasciolatus were found to 
differ between the three study sites, it is suggested that riparian vegetation condition, 
as opposed to width, may be a more significant factor in the conservation of this 
species. Furthermore, the evidence found in this study for altered microhabitat use by 
M. fasciolatus in relation to riparian vegetation condition, despite their generalist 
nature, suggests riparian vegetation condition could also be a significant factor for 
other stream-associated anuran species in Australia, and future research should 
therefore explore this relationship further.  
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Chapter 1: Introduction 
 Movement is a fundamental process of all organisms (Pittman et al. 2014), and 
central to many aspects of conservation (Semlitsch 2008). Studies which investigate 
the movements of organisms are able to provide detailed ecological information on 
either short or long-term habitat use, which is crucial knowledge for targeted 
management strategies. This knowledge is increasingly essential due to ongoing 
habitat fragmentation and degradation.  
The negative effects of habitat fragmentation and degradation can vary 
considerably, and have been demonstrated across a range of taxa. Although 
management strategies such as vegetated corridors are available, their ability to 
ameliorate the detrimental effects associated with habitat fragmentation can vary, and 
depend upon an individual species’ ecological traits (Collinge 1996). Stream 
associated anurans in particular are a group which are threatened by fragmentation 
and degradation, due to their reliance on riparian vegetation which has been 
inadequately managed in Australia (Webb & Erskine 2003). Species-specific 
research is therefore essential, as it is able to provide significant insight into the 
requirements of stream-associated anurans, to not only inform conservation efforts, 
but also increase knowledge of terrestrial processes threatening stream breeding 
frogs in general.  
The literature review will first address the global importance of amphibian 
declines. Due to the diverse array of information available, the review will focus on 
studies of habitat fragmentation and riparian vegetation condition. This will be 
followed by a review of stream-associated anurans in Australia, in order to gain an 
understanding of their ecological requirements as well as the potential impacts of 
riparian clearing and degradation they face. Knowledge of anuran movements and 
home-ranges will also be covered, as well as the range of techniques available for 
studying movements. Finally, information on the study organism, Mixophyes 
fasciolatus, will be reviewed, including their general ecology and more specifically 
the current knowledge of their movement patterns. 
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1.1 AMPHIBIAN DECLINES 
Amphibians have been in decline for many decades around the world 
(Houlahan et al. 2000). In Australia, there has been a considerable increase in 
amphibian extinctions and declines in recent decades, with 23% of known amphibian 
species classified as threatened or extinct, based on the World Conservation Union 
(IUCN) red list categories and criteria (IUCN 2001; Hero et al. 2006). The fungus 
Batrachochytrium dendrobatidis has been found to be an important factor in 
amphibian decline, particularly for rainforest frog populations in Australia 
(McCallum 2005). However, a variety of other potential factors responsible for 
declines have been reported (Pechmann & Wilbur 1994; Hines et al. 1999; 
McCallum 2005; Di Rosa et al. 2007). Habitat fragmentation and degradation in 
particular poses one of the greatest threats to amphibians (Gibbons et al. 2000; 
Hazell 2003; Cushman 2006; Becker et al. 2007; Hamer & McDonnell 2008).  
1.2 HABITAT FRAGMENTATION AND RIPARIAN VEGETATION 
CONDITION 
1.2.1 Fragmentation 
Habitat fragmentation has been recognised globally as a major cause of 
concern due to the threat it poses to biodiversity (Groombridge 1992; Collinge 1996; 
Mönkkönen & Reunanen 1999). Clearing and fragmentation can result in a loss of 
habitat connectivity, decreasing dispersal and genetic diversity in biota (Webb & 
Erskine 2003; Cushman 2006), which in some cases may result in extinction or 
serious population declines (Mönkkönen & Reunanen 1999; Coulon et al. 2004). The 
negative effects of fragmentation on dispersal and population viability across a range 
of taxa have been demonstrated extensively (Rathcke & Jules 1993; Andren 1994; 
Cooper & Walters 2002; Coulon et al. 2004; Reed 2004; Becker et al. 2007; Ford et 
al. 2009), and modelling studies on gene flow across landscapes have quantified the 
influence of habitat structure on dispersal and population connectivity across large 
spatial scales (Cushman et al. 2006). 
1.2.2 Landscape connectivity 
The preservation of vegetated corridors may ameliorate the detrimental effects 
associated with habitat fragmentation by increasing landscape connectivity (Beier & 
Noss 1998). A corridor commonly refers to a linear landscape element, such as 
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native vegetation, which links patches of similar vegetation (Collinge 1996). Beier 
and Noss (1998) reviewed the utility of corridors and concluded that the evidence 
generally supports their use as a conservation tool. Ten studies were evaluated and 
found to present convincing evidence that corridors can in fact improve population 
viability by increasing connectivity of habitats. However, whether corridors actually 
improve landscape connectivity depends upon an individual species’ ecological 
traits, such as foraging behaviour, morphology, home range size, habitat specificity 
requirements, mobility and/or social behaviour (Collinge 1996). Because even 
closely related species may differ in dispersal abilities, habitat specificity and home 
ranges (Mönkkönen & Reunanen 1999), knowledge of an individual species’ 
ecological traits is imperative when it comes to informing appropriate corridor 
management strategies, such as the corridor’s dimensions and vegetation structure. 
For example, corridor width was found to be significant in root vole (Microtus 
oeconomus) movement, where a narrow corridor of 0.4 m was the least efficient, due 
to a high entrance aversion rate, while an intermediate corridor width of 1 m showed 
no aversion and a high linear movement rate (Andreassen et al. 1996). Risk-aversion 
behaviour may be attributed to the increased danger associated with movements in 
narrow corridors, due to factors such as predation (Simberloff & Cox 1987). In 
addition, a survey of 117 riparian zones, ranging from 25 to 800 m wide, found the 
number of Neotropical migrant bird species was positively related to corridor width 
(Keller et al. 1993). Probability of species occurrence increased rapidly between 25 
m and 100 m (Keller et al. 1993), suggesting corridors below 100 m were too narrow 
for some species. 
1.2.3 Riparian corridors 
Riparian vegetation in Australia has been inadequately managed due to 
clearing associated with agriculture, irrigation, urbanisation, river navigation, flood 
mitigation and river modification (Webb & Erskine 2003). Riparian refers to the 
diverse biotic communities found beside streams and lakes (Naiman & Décamps 
1997) where the structure and composition of these communities is directly related to 
stream size, hydrology and local geomorphology (Gregory et al. 1991; Naiman et al. 
1993). The riparian zone itself can range from quite small, in the case of headwater 
streams, to much larger in mid-sized streams, where the band of vegetation 
influenced by channel dynamics and annual discharge becomes quite distinct 
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(Naiman & Décamps 1997). Both streams and riparian zones are dynamic by nature, 
which leads to considerable variation in plant species richness across time and space 
in these systems, resulting in important influences on both terrestrial and aquatic 
biota (Naiman et al. 1993). Beyond their ecological significance however, these 
riparian zones often serve as increasingly vital corridors which link fragmented 
habitats, due to clearing and habitat degradation associated with urbanisation.  
Strategies such as riparian buffer zones, which designate the distance from a 
stream where land use is restricted (Naiman & Décamps 1997), have become a 
common management tool in the protection of streams and their associated riparian 
biota (Semlitsch & Bodie 2003), however guidelines can vary significantly. A review 
of riparian buffer width guidelines from Canada and the United States found mean 
buffer widths varied from 15.1 to 29.0 m (Lee et al. 2004). These widths were 
considered to meet most aquatic recommendations based on sedimentation, erosion 
and temperature regulation. However, terrestrial recommendations, such as the core 
habitat required by mammals and birds, were found to be wider than most of the 
guidelines reviewed (Lee et al. 2004). Guidelines may also be as low as 10 m in 
some instances, and usually depend on properties such as stream structure and 
condition (Ives et al. 2005; NSW Office of Water 2012).  
1.2.4 Riparian vegetation condition 
In addition to fragmentation, the ecological condition of riparian habitats is 
also threatened by urbanisation, through processes such as livestock management 
(Amy & Robertson 2001), changes in hydrology (Groffman et al. 2003), and 
invasive plant species (Gerber et al. 2008). Jansen and Robertson (2005) found 
increased grazing intensity of red gum habitats on the Murrumbidgee and Murray 
Rivers in southern Australia was directly associated with decreased riparian 
ecological condition and biodiversity of terrestrial birds, wetland frogs and 
herbaceous plants. 
Ecological condition refers to the quality, health, or integrity of an ecosystem, 
and can be assessed using ecological or environmental metrics (Landsberg & 
Crowley 2004; Lindenmayer et al. 2008; Polasky et al. 2011). These often include 
the measurement of spatial, compositional, structural and functional attributes of 
vegetation (Spencer et al. 1998; Amy & Robertson 2001; Jansen & Healey 2003; 
Munné et al. 2003). In the Amazon, distribution of anurans with an aquatic 
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reproductive stage has been related to environmental variables, including stream 
distance and number of trees (Landeiro et al. 2014). In tropical rainforests, 
topography, soil, leaf litter, and vegetation properties, are major factors influencing 
anuran species distribution (Giaretta et al. 1999; Vonesh 2001). In Australia, 
ecological condition of the riparian zone has been used to investigate the relationship 
between frog communities and environmental disturbance (Jansen & Healey 2003). 
Jansen and Healey (2003) found a decline in frog species richness with increased 
grazing intensity, and this effect was due to changes in habitat quality which were 
measured using a wetland condition index. Geographical information system (GIS) 
data sets which include landscape cover and features may also contribute to models 
of amphibian habitat use. Knutson et al. (1999) found a negative association of 
anurans with the presence of urban land, and conclude that landscape habitat 
analyses can provide a framework for future research on factors affecting anuran 
conservation. Targeted research is essential, because landscape planning often 
consists of broad land use recommendations which target a range of species 
(Rutherfurd et al. 2000), and does not incorporate the specific habitat needs of frogs 
(Hazell 2003) in both terrestrial and aquatic environments (Stebbins 1997), which are 
essential considerations for stream-associated anurans. 
1.3 STREAM-ASSOCIATED ANURANS IN AUSTRALIA 
Many stream-associated anurans in Australia have experienced population 
declines (Mahony 1996; Gillespie & Hines 1999; Goldingay et al. 1999). Stream-
associated anurans may either be facultative or obligate stream-breeders (Hines et al. 
1999) and can play important functional roles in the dynamics of stream ecosystems 
(Flecker et al. 1999). Because stream-associated anurans are biphasic, their 
occurrence relies upon both terrestrial and stream conditions. For instance, Gillespie 
(2002) found Litoria spenceri tadpole growth and development were reduced by 
increases in sediment load, suggesting disturbances that increase sediment loads in 
streams may have contributed to declines of this species as well as other anurans in 
south east Australia. Hunter and Gillespie (1999) found that stream-associated 
species were encountered less frequently in streams below dams or aqueducts, due to 
the adverse effects of modified stream flow. Furthermore, ground level stream and 
vegetation features have been found to influence both the richness and composition 
of forest stream frog assemblages in Australia (Parris & McCarthy 1999). In 
 6 Chapter 1: Introduction 
particular, Parris and McCarthy (1999) found that species composition of the 
understorey vegetation in the riparian zone was significantly correlated with the 
composition of frog assemblages, likely due to the importance of this habitat 
component for the provision of moisture, shelter and calling sites. Disturbances 
within the riparian zone, such as invasive weeds, damage caused by cattle and feral 
pigs, construction of creek crossings and changes to hydrology, are also likely to 
have a significant effect upon stream-associated anuran populations due to the 
degradation of terrestrial habitat or damage to oviposition sites and larval habitats 
(Parris 2001; Knowles et al. 2014). A review of riverine frogs in south east Australia 
concluded that four species which have suffered major declines were obligate 
stream-breeders, mostly restricted to riparian habitats (Gillespie & Hines 1999). 
Additionally, these species were likely to have been displaced from cleared or 
disturbed areas, due to historical clearing of lowlands and tablelands (Gillespie & 
Hines 1999). Although there is clearly a sensitive relationship between riparian zones 
and stream-associated anurans, ecological requirements can vary significantly, even 
between closely related species (Streatfeild 1999; Rowley & Alford 2007).  As a 
result, species-specific research is required to ensure the future conservation of 
stream-associated anurans in Australia. In particular, studies which investigate 
movement and microhabitat use are able to provide significant insight into the 
requirements of stream-associated anurans, in order to better inform management 
recommendations. 
1.4 MOVEMENT AND HOME RANGE 
Movement in anurans may be associated with daily activities, seasonal 
breeding, or long distance dispersal. Daily activities often include foraging for food, 
predator avoidance, territoriality, and searching for refuge sites (Streatfeild 1999; 
Lemckert & Brassil 2000; Doak 2005). The priority of these movements may depend 
upon environmental conditions and seasonality, such as increased time in refuge sites 
during periods of environmental stress, or increased territoriality during the breeding 
season. Most stream associated anurans congregate around water bodies for some 
period of the year when reproducing, although their movements during this period 
are largely unknown (Lemckert & Brassil 2000). In species with prolonged breeding 
seasons, males will usually call from stationary positions in order to attract females, 
and this results in inter-male spacing (Wells 1977a), which is likely maintained 
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through territorial behaviour. On the other hand, female movements during this 
period often relate to locating a suitable mate.  
Anuran movements have been recorded anywhere from tens of metres up to 
several kilometres (Sinsch 1988; Berven & Grudzien 1990; Driscoll 1997; Lemckert 
& Brassil 2000). An analysis of 53 anuran species revealed 44% were able to 
disperse distances greater than one kilometre, while 7% had maximum dispersal 
distances greater than 10 km (Smith & Green 2005). Lemckert (2004) reviewed 68 
studies of anuran movement and habitat use, and found a huge variety in distances 
moved both between and within studies. This demonstrates the uncertainty of most 
management guidelines on all or even most of a target population, reinforcing the 
need for detailed biological studies to ensure conservation of populations. 
Although they are few, studies on the movements of Australian stream frogs 
have provided significant insight into species’ spatial habitat use. Lemckert and 
Brassil (2000) examined the short-term movements of Mixophyes iteratus, and found 
they were mostly restricted to an area 20 m either side of the stream. It was 
concluded that a 30 m riparian buffer zone was sufficient to protect the area of 
stream side habitat used by M. iteratus from direct disturbance. Another study, which 
analysed movement patterns of three rainforest stream frogs of the genus Litoria in 
north Queensland, found that despite being closely related species which utilise the 
same rainforest streams, their movement patterns and habitat use varied significantly 
(Rowley & Alford 2007). As a result, they determined that for two of the species, 
maintenance of large terrestrial vegetation buffers along streams and connectivity 
between forest fragments was highly important, yet less so for the third. Their 
findings are noteworthy in demonstrating the need for detailed ecological, species-
specific studies, in order to inform conservation efforts. 
Anuran movement can be assessed using a range of field survey techniques. 
Mark-recapture can indicate the magnitude of movement and dispersals, but the 
activity between captures is unknown (Dole 1965b). Radio-tracking allows repeated, 
precise locations of an individual to be assessed, providing more detailed information 
regarding amphibian microhabitat use. However, this method requires ‘real-time’ 
following of the individual in order to estimate an individual’s movements. This can 
be a time consuming processes, and can influence the individual’s behaviour as a 
consequence of disturbance related to constant tracking. Long term movement 
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studies of anurans, using methods such as radio-tracking, are able to provide insight 
into breeding and non-breeding habitat use, which can better inform conservation 
methods (DeMaynadier & Hunter Jr 1999; Lamoureux & Madison 1999; Bulger et 
al. 2003; Baldwin et al. 2006; Fellers & Kleeman 2007). GPS tracking can be 
another useful method for detailed movement studies (Price-Rees et al. 2013). 
However, transmitters typically weigh greater than 10 g, which therefore limits the 
species which can be tracked (Wikelski et al. 2007). Furthermore, the quality of 
satellite reception beneath dense forest canopy is poor, which reduces the accuracy of 
this method for forest species (Dominy & Duncan 2002; Kays et al. 2011). The 
spooling method allows for fine scale measurement of daily movements. This 
method involves attachment of a spool trailing device to the target organism, after 
which a trail of thread is released during an individual’s daily movement activities. 
This thread can later be followed and measured for accurate information on distances 
and directions of movement. Radio-tracking has been found to significantly 
underestimate nightly movements in comparison to spool tracking (Lemckert & 
Brassil 2000; Forester et al. 2006). Spooling methods are therefore best suited to 
investigate the microhabitat use of anurans. 
1.5 MIXOPHYES FASCIOLATUS 
Mixophyes fasciolatus, commonly known as the Great Barred Frog (Figure 
1.1), is a large ground dwelling frog, with a geographic range from the Clarke Range 
in Queensland to Gosford in New South Wales (Figure 1.2) (Hines et al. 1999; Parris 
2002). Within this range it is known to primarily inhabit a variety of wet forest 
habitats such as wet sclerophyll and rainforest, but can also be found in dry 
sclerophyll in some instances (Lemckert 1999). The specific diet of M. fasciolatus is 
relatively unknown (Streatfeild 1999), but they are reported to feed on insects, 
worms and occasionally other frogs (Australian Museum 2013). Unlike other sub-
tropical eastern Australia frog species, M. fasciolatus appear equally likely to be 
present at small and large streams (Parris 2002), suggesting flexibility in their habitat 
utilisation. This may have contributed to the abundance of this species, while its 
congenerics, including M. iteratus and M. fleayi, have suffered serious population 
declines and range contractions in recent decades (Figure 1.2) (Hines et al. 1999). 
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Figure 1.1. The Great Barred frog, Mixophyes fasciolatus. 
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Figure 1.2. Distribution of (A) M. fasciolatus, (B) M. fleayi and (C) M. iteratus, in Queensland and New South Wales, Australia (Hines et al. 1999).  
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In M. fasciolatus, amplexus occurs on stream banks or at the water’s edge 
(Parris 2002), and fertilised eggs are flicked out of the water, which adhere to stream 
banks or vegetation, whereby the larvae later fall into the water (Anstis 2002). This 
reproductive strategy has been hypothesised to reduce the risk of aquatic predation 
(Stratford et al. 2010). M. fasciolatus is considered to be a facultative stream 
breeding species, as unconnected pools, dams and other lentic water bodies away 
from streams may also be utilised for breeding (Hines et al. 1999). Stratford et al. 
(2010) reported that males call with steady choruses from October to March, 
demonstrating the typical behavioural and phenological attributes of a prolonged 
breeding season. Their detectability was not found to be influenced by any measured 
environmental variable, such as rain, temperature and humidity, but sampling was 
limited to one breeding season, and only one female was recorded, which could 
explain the lack of association with environmental variables. This finding was 
contrary to results for M. fleayi, where air temperature in combination with stream 
depth were significant predictors of occurrence (Stratford et al. 2010). The lack of 
specialist reproductive requirements of M. fasciolatus, such as specific habitat and 
environmental conditions for successful breeding, may have helped buffer M. 
fasciolatus against localised declines (Stratford et al. 2010). It could also be an 
indication that mate selection in M. fasciolatus is based upon male reproductive 
quality rather than environmental conditions (Stratford et al. 2010). Male territory 
ownership is one such reproductive quality which may be significant in mate 
selection (Stratford et al. 2010), and therefore movements and behaviour associated 
with territory ownership may be of high importance for this species. 
Streatfeild (1999) used radio-tracking to examine the home ranges of M. 
fasciolatus. Estimates of the area used by males showed no signs of stabilisation 
despite tracking periods up to 13 weeks. The mean area utilised by M. fasciolatus 
was 6063 m2 for females and 1621 m2 for males, the greatest recorded for any 
amphibian at the time. Movement patterns were found to be primarily away from the 
stream, however individuals did not leave the surrounding riparian forest. The 
greatest mean distance travelled away from a stream was 105.6 m in females, and 
58.3 m in males, which is larger than many riparian buffer width guidelines (Lee et 
al. 2004).  
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Streatfeild (1999) also examined diurnal refuge use, and found that more than 
90% of individuals were located on a dirt substrate during refuge. In addition, all 
individuals were found either partially or entirely buried under leaf litter, with less 
than 5% body exposure on average, which was behaviour thought to minimise water 
loss and prevent predation. These results suggest that despite their generalist nature, 
M. fasciolatus have specific microhabitat requirements. Furthermore, although 
commonly found in disturbed environments, M. fasciolatus does not tolerate habitat 
clearing (Hines et al. 1999), and negative responses to logging have been described 
(Lemckert 1999). However, investigation into the movement and microhabitat use of 
this species, in sites that differ in the ecological condition of riparian vegetation, has 
not yet been undertaken.  
1.6 AIMS 
Due to the complexity and potentially wide array of contributing factors 
leading to global anuran declines, targeted and scientifically informed approaches to 
their conservation are essential. With regard to disturbed landscapes, it is necessary 
to assess the microhabitat use of anurans in order to inform management guidelines. 
This thesis aims to investigate the influence of riparian vegetation condition on 
movement and microhabitat use by Mixophyes fasciolatus. Specifically, the direct 
method of spool and line tracking will be utilised to quantify M. fasciolatus 
movements, area of utilisation and diurnal refuge microhabitat use over a two-night 
period, in three sites of varying riparian vegetation condition, ranging from low to 
high quality. This knowledge will be used to inform management guidelines to 
ensure the future protection of this species. Furthermore, M. fasciolatus could be 
used as a model for research, providing insight into terrestrial processes threatening 
stream breeding frogs in general (Hines et al. 1999). 
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Chapter 2: Movement and area of 
utilisation 
2.1 INTRODUCTION 
Movement is a fundamental process of all organisms (Pittman et al. 2014), and 
central to many aspects of conservation, such as the spread of disease and invasive 
species, changes in land-use patterns, and responses to climate change (Semlitsch 
2008). Anuran movement has been primarily investigated in pond breeding species 
from temperate regions of the northern hemisphere, while studies which investigate 
the breeding or post-breeding movements and microhabitat use of Australian frogs 
are limited (Lemckert & Brassil 2000; Lemckert 2004).  
Adult anurans may perform seasonal movements, such as migrations, when 
important habitat resources are spatially separated (Sinsch 1990). For example, many 
pond breeding amphibians from temperate regions will undertake yearly migrations 
from terrestrial habitats, in order to reproduce in ponds or ephemeral wetlands 
(Duellman & Trueb 1986; Todd & Winne 2006). Following metamorphosis, their 
offspring return to terrestrial habitats, which is known as post-metamorphosis 
dispersal (Todd & Winne 2006). Therefore, in these species, investigation of 
seasonal movements is essential for the protection of both breeding and non-breeding 
habitats (Fellers & Kleeman 2007). This is in contrast to many stream associated 
tropical or sub-tropical species which are known to reproduce within their non-
breeding home range (Hodgkison & Hero 2001; Rowley & Alford 2007). For 
example, studies of the genus Mixophyes have shown that similar areas are likely 
utilised between breeding and non-breeding seasons (Streatfeild 1999; Lemckert & 
Brassil 2000; Doak 2005). For these species, investigation of short term movements 
may provide more significant insight into microhabitat requirements, in order to 
better inform management guidelines. 
Short term movements by anurans are primarily associated with foraging, but 
can also include reproductive movements (Dole & Durant 1974), location of an 
adequate refuge (Woolbright 1985), and predator avoidance (Streatfeild 1999). 
Detailed information on these daily movements can be gained using cotton spool 
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tracking devices (Dole 1965b). Information is gathered on the distance and direction 
of movements, which can be used to investigate factors influencing daily movement, 
such as body size, environmental conditions, and microhabitat conditions (Streatfeild 
1999; Lemckert & Brassil 2000; Doak 2005). Movements along streams tend to be 
more significant in stream associated species (Beshkov & Jameson 1980; Holomuzki 
1982; Duellman & Trueb 1994; Doak 2005). However, some species are known to 
move greater distances away from streams when foraging (Hodgkison & Hero 2001). 
For example, Streatfeild (1999) recorded movements up to 105.6 m away from the 
stream by the stream-associated M. fasciolatus. Because frogs are known to lose 
water on substrates associated with disturbance or in the absence of cover (Mazerolle 
& Desrochers 2005), these large movements away from streams may only be 
possible in suitable environmental conditions. 
Spatial location data can also be used to investigate an animal’s home range. 
Burt (1943) described an animal’s home range as the area travelled in its normal 
activities, including food gathering, mating, and caring for young, excluding 
exploratory movements. Over time the definition has evolved to become more 
quantitative (Fieberg & Kochanny 2005), known as the utilisation distribution, which 
is the probability distribution defining the animal’s use of space (Van Winkle 1975).  
Anuran utilisation distributions are commonly associated with availability of 
suitable resources (Donnelly 1989) and microhabitat conditions (Watson et al. 2003; 
Ra et al. 2008; Qi et al. 2011). Home ranges of Syrrhophus marnocki were studied in 
south central Texas, and variations in home range size across several study areas 
were thought to relate to differences in the amount of cover available (Jameson 
1955). Blomquist and Hunter Jr (2010) examined home ranges of adult wood frogs 
(Lithobates sylvaticus) to investigate habitat selection in response to forest 
management techniques. They found seasonal home range habitat selection was 
linked to resource selection at a microhabitat scale, related to the physiological 
processes of thermo- and hydro-regulation.  
Patterns of anuran space use at a microhabitat scale can also be related to 
reproduction (Wells 1977b; Roithmair 1994; Pröhl 2005). In the strawberry poison 
frog (Dendrobates pumilio), the fixed kernel method (Worton 1989) was used to 
calculate home ranges and core areas.  This study found that females utilised much 
larger home ranges than males, because males were mostly calling from the same 
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sites within their core areas, while females moved between tadpole rearing sites 
(Pröhl & Berke 2001). They also demonstrated that female distribution was 
influenced by reproductive resources, while males were related to female 
distribution. Increased male territorial behaviour was found where female density 
was high. 
Because of the vulnerability of anuran populations to habitat degradation, the 
current study aimed to investigate the movements and area utilised by M. fasciolatus 
in three sites varying in the condition of riparian vegetation. Vegetation 
characteristics and surrounding land use between the three study sites were first 
examined. M. fasciolatus were tracked using spool devices over two nights, in order 
to measure the distance and direction of their movements. Influence of body size on 
movements was determined. Differences in movement and area of utilisation were 
then compared between study sites, and graphic representations of utilisation 
distributions were used to aide interpretation. Influence of the stream on movements 
was also examined. Finally, the degree of space use sharing between individuals was 
compared across study sites. 
2.2 METHODS 
2.2.1 Study sites 
Three study sites were selected within D’Aguilar National Park and the 
neighbouring suburb of Highvale in the Samford Valley, located approximately 25 
km north-west of Brisbane, in South East Queensland (Figure 2.1). The Samford 
Valley is a peri-urban landscape, historically cleared for agricultural use. Significant 
development of rural land into residential land within the last 20 years has led to an 
increasingly urbanised landscape. The riparian vegetation corridors of South Pine 
River and Samford Creek traverse this landscape, and link several remnant 
vegetation patches.  
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Figure 2.1. Location of the study area within Queensland, Australia, and map depicting the three study site locations. Blue lines indicate a watercourse (defined by Water Act 
2000), while grey lines indicate watercourse yet to be mapped. Greene’s Falls (A) and the car park (B) study sites were located within the D’Aguilar National Park. Edge site 
(C) was located just beyond the national park, in the suburb Highvale. Car park site (B) and edge site (C) were located along the South Pine River (Google Earth 7.1.5.1557 
2016).
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Originally it was planned that study sites would be located within the riparian 
corridors of South Pine River and Samford Creek, in addition to the D’Aguilar 
National Park, in order to compare movement of M. fasciolatus between continuous 
and riparian corridor habitats. Despite surveying over several months, including 
listening for calling males, deploying a passive acoustic recorder, spotlighting and 
call-playback methods, no M. fasciolatus were detected in the riparian corridors. 
Because M. fasciolatus tadpoles are known to overwinter, and can take up to 12 
months to metamorphose (Symonds et al. 2007; Narayan et al. 2014), stream surveys 
for tadpoles were also conducted, from June to September, prior to the spooling 
period. Sweep netting and visual searching was performed for three minute periods, 
in each individual "pool" of water along streams, or every 10 m for continuous water. 
No tadpoles were found in the South Pine River or Samford Creek riparian corridors.  
Surveys were then also conducted in two locations within D’Aguilar National Park 
and a third location on the edge of the national park in Highvale.  
The first location was at Greene’s Falls in the D’Aguilar National Park (zone: 
56, easting: 476321, northing: 6977431) (Figure 2.2) where 30 pools of water were 
sampled, and M. fasciolatus tadpoles were identified in every pool. The Greene’s 
Falls site (A) was rainforest along a stream channel (Figure 2.3), and was classified 
as Regional Ecosystem (RE) 12.11.10; a dense notophyll vine forest +/- Araucaria 
cunninghamii on metamorphics +/- inter-bedded volcanics (Department of 
Environment and Heritage Protection 2014b). The elevation was approximately 610 
m above sea level.  
The second location was on South Pine River in the D’Aguilar National Park 
(zone: 56, easting: 478628, northing: 6973623), nearby a car park adjacent to Mount 
Glorious Road (Figure 2.4). Forty-nine pools of water were sampled, and 20 pools 
contained M. fasciolatus tadpoles. The car park site (B) was composed of wet 
sclerophyll / rainforest along the stream channel (Figure 2.5), and classified as RE 
12.11.2; a Eucalyptus saligna subsp. saligna or E. grandis, E. microcorys, 
Lophostemon confertus tall open forest on metamorphics +/- interbedded volcanics 
(Department of Environment and Heritage Protection 2014a). The elevation was 
approximately 245 m above sea level.  
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Figure 2.2 Aerial view of the Greene’s Falls site (A) within the D’Aguilar National Park. 
 
Figure 2.3. View of the Greene’s Falls site (A), rainforest along a stream channel, facing upstream.  
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Figure 2.4. Aerial view of the car park site (B) within the D’Aguilar National Park, and the adjacent 
gravel car park and Mount Glorious Road. 
 
Figure 2.5. View of the car park site (B), wet sclerophyll / rainforest along a stream channel (South 
Pine River), facing upstream. 
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Downstream at Highvale, along the South Pine River corridor, 71 pools were 
sampled in total, from four locations, and M. fasciolatus were present in only two 
pools from the same location. This site was called the edge site as it was located near 
the edge of D’Aguilar National Park and the beginning of the Samford Valley (zone: 
56, easting: 480471, northing: 6972714) (Figure 2.6). The edge site (C) was 
composed of non-remnant vegetation consisting of open forest dominated by 
Allocasuarina torulosa along a stream channel (Figure 2.7), and was approximately 
120 m above sea level. Samford Creek and Cedar Creek, which are connected to 
Mount Glorious via riparian vegetation, were also sampled, but no tadpoles were 
located at either location. 
 
 
Figure 2.6. Aerial view of the edge site (C) and the nearby private road and Mount Glorious Road. 
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Figure 2.7. View of the edge site (C), open forest dominated by Allocasuarina torulosa along a stream 
channel (South Pine River), facing upstream. This section of stream flowed intermittently, and was 
dry during the site assessment.   
  
2.2.2 Riparian vegetation condition assessment 
A vegetation survey was conducted at each site. Vegetation structure and 
composition was estimated by recording the median height and range of each stratum 
present using a laser range finder, and the species present within each stratum were 
recorded. Ground cover was estimated along a 50 m transect, using the average cover 
of five 1x1 m quadrats, placed every 10 m. When measuring ground cover, the 
vegetation was identified at the genus or species level in order to distinguish between 
native and non-natives. General site characteristics were also recorded, including 
stream width and depth, slope degrees and aspect, a site description, and a visual 
estimation of total invasive plant cover. At the beginning of each transect, a GPS 
coordinate was also recorded, which was used to estimate surrounding land use, 
length of roads, and distance to roads at each site, using the program QGIS (Q. G. I. 
S. Development Team 2016). Land use cover and road length was estimated using a 
200 m radius buffer around each site (Department of Environment and Heritage 
Protection 2016b). The measure line function was then used to calculate distance to 
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the nearest roads or paths (Department of Environment and Heritage Protection 
2016a). 
2.2.3 Spooling 
Movement of M. fasciolatus was measured during the breeding season, from 
October 2015 to March 2016. Individuals were located by detecting eye-shine from 
spotlighting and call-triangulation techniques, between 8 pm and 11 pm, on 18 
nights. No obvious correlations with calling behaviour were noted, and in some cases 
call playback was used to locate individuals during non-chorus nights. In most cases, 
one or two individuals were spooled on the same night, however there were two 
occasions where three individuals were spooled on the same night. On those 
occasions, targeted triangulation of only those individuals calling in closest 
proximity to the first individual located was conducted, to allow a temporal 
investigation of movement in relation to others at a site. Only males were spooled 
during the study, because females were located on only two occasions while in 
amplexus. The high search effort required to find females would have resulted in a 
smaller overall sample size, reducing power of statistical analysis, and so the 
decision was made to focus on males only. In non-calling individuals, males were 
identified by the presence of nuptial pads. The area surveyed at each site for 
individuals was between 100 to 400 m along the stream, and 20 m either side of the 
stream. 
Located individuals were initially weighed and measured, to ensure appropriate 
size for spooling, and for later analysis. The spool tracking device was then fitted, a 
technique previously used on Mixophyes species (Streatfeild 1999; Lemckert & 
Brassil 2000; Doak 2005). This device was made using commercially available 
embroidery thread spools, measuring approximately 3.25 cm in length and 1 cm in 
diameter, with 130 m of polyester thread. Each spool was then enclosed in brown 
masking tape, in order to provide camouflage in leaf-litter and soil habitats. A small 
loop at the end of the spool was then made using the tape, through which a soft belt 
made from 3M microporous tape was threaded. The belt was then securely yet 
loosely fitted to the individual’s waist, at the narrowest point just anterior to the join 
of the legs, ensuring that the spool was resting on the frog’s dorsum above the vent 
with the thread trailing posteriorly (Figure 2.8). The overall weight of this device 
was less than 3 g, and only large individuals (>60 mm snout-vent length and >30 g 
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weight) were sampled to ensure the weight of the device was below the 
recommended 10% of body mass (Richards et al. 1994). However, there were two 
occasions, where individuals greater than 60 mm in snout-vent length, yet slightly 
lower than 30 g were spooled (29.5 g and 25.5 g). In both instances the weight of the 
device was below 12% of the individual’s body weight, and no weight loss occurred 
following spooling. There were also no visual signs of trauma such as chafing around 
the waist. 
 
Figure 2.8. A Mixophyes fasciolatus individual fitted with the spool-tracking device.  
Once attached to the individual, the free end of the thread was secured to a 
fixed point (e.g. shrubs or roots) and the frog released at the original site of capture. 
The GPS coordinates were recorded. At 8 am the following morning, the spool trail 
was retraced using a Stone Blaze hip chain and a compass. Total distance between 
release and refuge points was recorded in segments based upon the direction of travel 
to the nearest 10°. Changes in direction greater than 10° resulted in the recording of a 
new segment. Displacement (straight-line distance) and direction of the first diurnal 
refuge from release point, and displacement and direction of diurnal refuge one from 
the stream were recorded. The spool trail was then severed and attached to a new 
anchor point, and the GPS coordinates of diurnal refuge one were recorded. A 
microhabitat assessment of each diurnal refuge site was also conducted, which is 
outlined in Chapter 3. 
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After 24 hours, the process was completed a second time, and total distance 
between the first diurnal refuge and the second, displacement and direction of the 
second diurnal refuge from the first, and displacement and direction of the second 
diurnal refuge from the stream were recorded. When more than one individual was 
spooled on the same night, a distance and angle between their release points was also 
measured, to later analyse space use sharing between individuals. After recording the 
GPS coordinates and conducting the microhabitat assessment for the second diurnal 
refuge, the spool was removed and the health of the frog assessed. A toe-tip from the 
4th digit of the right forelimb was then taken to enable identification of previously 
spooled frogs and prevent re-sampling (University Animal Ethics Committee 
approval certificate number: 1500000165; DEHP scientific purposes permit number: 
WISP16051415; permit to take, use, keep or interfere with cultural or natural 
resources permit number: WITK16051515). Following toe-tipping, the frog was 
released into their previous diurnal refuge location, and monitored for five minutes to 
ensure their welfare.  
2.2.4 Missing values 
There were three instances of spool failures throughout the study period. On 
one occasion a frog moved more than 130 m over two nights, which resulted in the 
spool’s thread running out, preventing relocation of the frog. As a result, following 
this incident, individuals that moved greater than 20 m on the first night were fitted 
with a new spool. This option was considered preferable to using a longer length 
spool, which would increase the device’s weight. 
On another occasion, the thread of another frog was found snapped on the 
second day of tracking. In a subsequent visit 5 days later, the frog was relocated 
within 10 m of the original refuge location, with the waist band intact and no thread 
remaining. The harness was removed, and the frog appeared healthy with no visible 
chafing. The third incident involved a frog moving 112.5 m on the first night before 
the remaining thread was found un-spooled in the stream. The frog appeared to have 
been sitting in the shallow stream water, and the stream current un-spooled the 
remaining thread. Because only one night of movement data was available for these 
two individuals, they were not included in further analyses.  
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2.3 STATISTICAL ANALYSIS 
2.3.1 Site assessment 
Differences in site descriptions and land use characteristics were compared 
qualitatively between the sites. A chi-square test of independence was used to 
determine if there was a significant association between ground cover and study site. 
A Sørensen index (Sørensen 1948) was used to determine the compositional 
similarity between the three study sites, and calculated in R using the vegan package 
(Oksanen et al. 2016; R. Core Team 2016). 
2.3.2 Spooling 
Statistical analysis of spooling data was conducted in R (R. Core Team 2016), 
and an alpha level of 0.05 was used for all statistical tests. Assumptions for 
parametric analyses were tested using the Shapiro-Wilk test for normality, followed 
by Bartlett’s test of equal variances; non-parametric analysis was performed if either 
assumption was violated. Assumptions of linear regressions (linearity, statistical 
independence of errors, homoscedasticity and normality) were assessed visually 
using diagnostic plots. The R package ggplot2 was used for graphical presentation of 
results (Wickham 2009). Where box and whisker plots were used, the solid line 
within the box indicates the median, the upper and lower "hinges" correspond to the 
first and third quartiles, and the whiskers extend to the highest or lowest value that is 
within 1.5 times the interquartile range of the observations. Data beyond the end of 
the whiskers were outliers and plotted as points. Regression table outputs were 
generated using the texreg package in R (Leifeld 2013). 
Movement by M. fasciolatus was measured over two nights. The distance that 
individuals were initially found from the stream was compared between sites using a 
Kruskal-Wallis test. The difference in an individual’s movement between night one 
and night two was then examined, to determine whether the data from each night 
should be analysed separately. As a result, total distance moved, mean run length, 
and displacement for each individual, was compared between night one and night 
two, for each study site, using a paired Wilcoxon signed-rank test. Because there was 
no significant difference between night one and two movement data, the decision 
was made to combine each night’s data, in order to analyse movement by M. 
fasciolatus over two nights. When combining this data, total distance moved became 
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the total distance moved over night one and night two, mean run length became the 
total distance moved over two nights, divided by the number of runs made, and 
displacement was the average distance displaced (from release point to diurnal refuge 
one, and from diurnal refuge one to diurnal refuge two). For individuals that did not 
move on a night, the alternative night’s displacement was used in place of the mean 
over two nights, in order to investigate the displacements made by moving 
individuals, rather than include 0 m displacements, which would reduce the mean as 
a result of an individual remaining in refuge that night, rather than due to a small 
dispersal. The methods of spooling analysis are discussed and compared to the 
methods of previous spooling studies in Chapter 4. 
Differences in frog movements between the three sites could be due to 
variation in body size. Therefore, multiple linear regression was used to examine the 
relationship between movement variables (total distance moved, mean run length, 
displacement between refuges), and the interaction between body size (snout-vent 
length or weight) and study site location. Differences in movement variables were 
then compared between the three sites. Total distance moved over two nights 
between the three sites was analysed using an analysis of variance (ANOVA), 
because the data was normal and heterogeneous. Mean run length and displacement 
were compared between sites using the non-parametric equivalent, a Kruskal-Wallis 
test. 
The potential influence of the stream on M. fasciolatus movements at each site 
was also investigated. Each movement made by an individual during the two-night 
period was categorised, based on the direction of the movement in relation to the 
stream. The three categories were along, away and towards the stream. Direction of 
movements in relation to the stream were calculated for each night of movement, for 
each individual by using the angle to stream from the release point for night one 
movements, and the angle to stream from diurnal refuge one for night two 
movements, as reference angles. Each movement, or run, made by the individual on 
night 1 or night 2, was then categorised based on the stream’s orientation for that 
night (Figure 2.9). The three categories of movement were 90° towards the stream, 
90° away from the stream, and 180° along the stream (90° upstream, 90° 
downstream). The total distance moved in each category of movement was then 
calculated as a percentage in relation to the individual’s total distance moved over 
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two nights, to allow for overall comparison in percentage of movement in relation to 
the stream between sites. The null hypothesis of movement was considered to be 
50% along the stream, 25% towards the stream, and 25% away from the stream, 
under the assumption that the stream did not influence an individual’s decision to 
move in any direction. The average percentage of movement in relation to the stream 
observed in each site was then compared to the expected percentage of movement 
using the chi-square goodness of fit test. An assumption of this method was that the 
angle to stream was constant throughout the night, which would not be the case if the 
frog crossed the stream, or where the stream was not a straight line. However, in this 
study, streams were curvilinear but not excessively windy, and movements across 
streams were limited. Nevertheless, this method was only used to provide an 
approximation of movement in relation to the stream, and was used in conjunction 
with visual analysis of movement patterns. 
 
Figure 2.9. Diagram demonstrating the method used to categorise movements made by an individual 
during the two-night period in relation to the stream (represented by the blue line). The black dotted 
line indicates the release or diurnal refuge one (RP/DR1) angle to stream, which is used to calculate 
the angle ranges for the three categories of movement: along, away and towards the stream. The 
categories of movement for an example angle to stream of 45° are shown in the bottom left corner, 
and are represented by the dashed red lines. Each movement or run made by the individual (black line) 
is then assigned a category, based on the bearing of that movement. The small dashed red lines are 
positioned where changes in categorisation occur, with labels indicating what each run would be 
categorised as, to demonstrate this process.  
Areas of utilisation or home ranges are typically calculated using repeated 
captures, radio-telemetry or GPS tracking. In order to examine the fine scale area 
utilised by M. fasciolatus over a two-night period, areas of utilisation were calculated 
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using the spool tracking data, which is a previously unused method. It is important to 
note that these were not home ranges, and only used as an indication of the space use 
by individuals over the two-night period. In order to do this, M. fasciolatus 
movements over two nights were converted from polar coordinates into Cartesian 
coordinates, based on the starting location, distance, and angle of each subsequent 
movement or run (changes in direction greater than 10°). The release point of the 
first individual spooled was regarded as the starting location (x = 0, y = 0) for that 
study site. The end point of each subsequent run made by the individual during the 
two-night period was then converted into Cartesian coordinates. 
This method also allowed for the positions of spooled M. fasciolatus in relation 
to one another at each study site to be established on the same Cartesian plane, by 
using the distances and directions between different individual’s release points. For 
individuals spooled on different nights, for which there was no field recorded 
distance and angle between release points, the GPS coordinates were used to 
calculate the distance and bearing between the release points (Veness 2011). 
After preparing the spooling data, the area utilised by M. fasciolatus was 
examined within the R package adehabitatHR (Calenge 2015). The kernel method 
was used to estimate the utilisation distribution (UD) (Worton 1989), from the 
relocation data of M. fasciolatus movements. The kernel function used was the 
bivariate normal kernel, and the smoothing parameter h was computed using least 
square cross validation (LCSV), which was found by Seaman and Powell (1996) to 
produce accurate estimates of simulated home ranges. The area utilised in (m2) was 
then calculated using the 95% UD which corresponds to the smallest area on which 
the probability to relocate the animal was equal to 0.95. This is a common value 
because it excludes the most outer movements, while retaining peripheral 
movements, which can be an essential part of an animal’s home range for fulfilling 
biological requirements (Seaman et al. 1999). In addition, 50% UDs were also 
calculated, which represent the central area of an animal’s home range or area of 
utilisation (Seaman et al. 1999). The 50% estimation is useful for relative 
comparisons in home range sizes and measures of overlap between neighbours 
(Anderson 1982). The 95% UDs were compared between sites using a Kruskal-
Wallis test. A multiple linear regression was also used, to predict area utilised based 
on the interaction between either snout-vent length or weight, and study site. 
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In order to visualise the area of utilisation of all individuals within a study site, 
the 95% UDs were plotted using the ggplot2 package (Wickham 2009). A visual 
representation of the stream was also added to the plots using a line of best fit, based 
on the x and y coordinates from measurements of distance and angle to stream from 
each release and diurnal refuge location. This line was implemented as a visual aid 
only, and does not represent the exact positions of the streams. 
Because the location of an individual’s area of utilisation was calculated in 
relation to other individuals at each study site, it was then possible to analyse the 
space-use sharing between individuals. The utilisation distribution overlap index 
(UDOI) was used, which was developed by Fieberg and Kochanny (2005). They 
determined that the UDOI was the most appropriate index for measuring the degree 
to which two animals share the same space. When the home ranges of two 
individuals do not overlap, the UDOI equals 0, and if both animals’ UD have 100% 
overlap with uniformly distributed locations, the UDOI equals 1. However, when 
two UDs are non-uniformly distributed, values can be >1 if there is a high degree of 
overlap. Because it measures the amount of overlap relative to uniform space use 
between two individuals, values <1 indicate less overlap, and values >1 indicate 
higher than normal overlap, relative to uniform space-use. 
The UDOI was calculated using the kerneloverlaphr function in adehabitatHR 
(Calenge 2015). The overlap between all individuals spooled from each site was first 
compared at the 95% level to determine the space-use between M. fasciolatus over 
the entire spooling period. The UDOI was then used to calculate space-use sharing 
between individuals spooled simultaneously, at the 95% and 50% levels, to 
determine space use sharing by M. fasciolatus over a two-night period, across their 
broad and core use areas. 
2.4 RESULTS 
2.4.1 Study site analysis 
The study site characteristics varied considerably (Table 2.1). Greene’s Falls 
site (A) was gently sloping with a deep and narrow stream channel, while the car 
park site (B) and edge site (C) were relatively flat with a shallow, wide stream. The 
three study sites were composed of very different vegetation communities, 
particularly for site C, where the vegetation community was classified as non-
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remnant open forest (Table 2.1). Site A was a notophyll/microphyll vine forest, and 
site B was a tall open forest with vine forest understory. Non-native vegetation cover 
was high for both sites B and C, but absent from site A.  
Ground cover differed between the three study sites (χ2 (8) = 143.55, p < 
0.001) (Table 2.2). There was no recorded non-native cover at site A, while both 
sites B and C recorded moderate levels of non-native forb and shrub cover (12 – 
18%). Furthermore, there was a high amount of non-native grass cover present in site 
C (29%). Native forb cover was present in all three sites, with the highest percentage 
in site B. Leaf litter cover was highest at site A (60%), representing the majority of 
that site’s ground cover. Bare ground cover at both sites B and C was low (<5%) 
compared to site A, where 19% of the cover was bare ground. Rock cover in sites A 
and C was low (<15%) relative to site B, where rock cover was the greatest 
proportion of cover type recorded for that site (~39%).  
Table 2.1 
Overall study site characteristics. Non-native cover was the estimated overall site percentage  
Site Description Vegetation community 
Non-
native 
cover 
Slope 
degrees 
Slope 
aspect 
Stream 
width 
(m) 
Stream 
depth 
(cm) 
A 
Notophyll and 
notophyll/microphyll 
vine forest along 
stream channel 
RE 12.11.10 0% 4.5 (upstream) 20 2.5 5 - 40 
B 
Tall open forest with 
vine forest 
understorey ('wet 
sclerophyll') along 
stream channel 
RE 12.11.2 35% 1 (upstream) 120 
2.9 - 
4.4 0 - 25 
C Open forest along stream channel Cleared 50% 
-1 
(downstrea
m) 
50 3.9 0 - 20 
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Table 2.2 
Study site ground cover percentages, measured along a 50 m transect 
Ground Cover Site A Site B Site C 
Native grass cover 0 0 1 
Native forbs 11 25.4 5.8 
Native shrubs 0.4 0 0 
Non-native grass 0 0 29.4 
Non-native forbs 
and shrubs 0 12.4 18 
Litter 60.6 19 29.4 
Rock 9 38.6 13.4 
Bare ground 19 4.6 3 
Cryptogams 0 0 0 
Total 100 100 100 
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There was a difference in species composition between the three sites, with site 
C being dissimilar from both sites A and B (Figure 2.10). Site A was predominately 
composed of hoop pine (Araucaria cunninghamii) (Table 2.3), a rainforest species 
characteristic of the 12.11.10 regional ecosystem (Department of Environment and 
Heritage Protection 2014b). Hoop pine was also present in site B, in the upper tree 
layer. A range of rainforest species were also present in site B, including bangalow 
palm (Archontophoenix cunninghamiana), weeping lilli pilli (Waterhousea 
floribunda), blue fig (Elaeocarpus grandis), as well as brush box (Lophostemon 
confertus). The invasive species Lantana camara was found in the shrub layer of site 
B. Several other invasive species were also present, in the ground layer, including 
billygoat weed, cobbler’s pegs, mistflower, and crofton weed. Site C was dominated 
by open forest species including bloodwood (Corymbia intermedia), brush box 
(Lophostemon confertus) and sheoaks (Allocasuarina sp). In site C, Lantana camara 
was again present, as well as the invasive grass Urochloia decumbens. 
 
Figure 2.10. Beta diversity for vegetation species richness between study sites, using a Sørensen index 
of dissimilarity. 
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Table 2.3 
Vegetation structure and composition of each study site, with non-native species indicated by * 
Site Stratum Species 
A T1 Araucaria cunninghamii, Argyrodendron trifoliolatum 
 T2 Archontophoenix cunninghamiana 
 T3 Archontophoenix cunninghamiana 
 S1 Archontophoenix cunninghamiana, Cyathea cooperi 
 S2 Archontophoenix cunninghamiana, Calamus muelleri, Cyathea cooperi 
 G Calochlaena dubia, Archontophoenix cunninghamiana, Alocasia brisbanensis 
B T1 Araucaria cunninghamii, Lophostemon confertus, Melia azedarach 
 T2 Lophostemon confertus, Waterhousea floribunda 
 T3 
Elaeocarpus grandis, Flindersia schottiana, Ficus coronata, 
Archontophoenix cunninghamiana 
 S1 Ficus coronata 
 S2 Lantana camara∗ 
 G 
Commelina diffusa, Adiantum hispidulum, Ageratum conyzoides∗, 
Bidens pilosa∗, Ageratina riparia∗, Ageratina adenophora∗, 
Calochlaena dubia, Gahnia sieberiana 
C T1 Corymbia intermedia, Lophostemon confertus, Allocasuarina torulosa 
 T2 Allocasuarina torulosa, Lophostemon confertus 
 S1 
Ficus rubiginosa, Jagera pseudorhus, Melaleuca bracteata, 
Allocasuarina littoralis 
 S2 Lantana camara∗, Ficus coronata 
 G Lomandra longifolia, Urochloa decumbens∗, Lepidosperma laterale 
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The land use surrounding both sites A and B was classified entirely as 
conservation and natural environments (Table 2.4). This was in contrast to site C, 
where the largest surrounding land use was livestock grazing. Less than 15% of the 
total surrounding land use in site C was classified as conservation and natural 
environments.  
Table 2.4 
Surrounding land use within a 200 m radius of each study site 
Site Primary landuse 
Secondary 
landuse 
Tertiary 
landuse 
Individual 
area (m2) Total landuse 
Total area 
(m2) 
A 
Conservation 
and natural 
environments 
Other 
minimal use 
Residual 
native 
cover 
73135 Conservation 123607 
 
Conservation 
and natural 
environments 
Nature 
conservation 
National 
park 50472   
B 
Conservation 
and natural 
environments 
Nature 
conservation 
National 
park 123607 Conservation 123607 
C Intensive uses Intensive horticulture 
Intensive 
horticulture 31769 Horticulture 31769 
 
Conservation 
and natural 
environments 
Other 
minimal use 
Residual 
native 
cover 
17948 Conservation 17948 
 
Production 
from relatively 
natural 
environments 
Grazing 
native 
vegetation 
Grazing 
native 
vegetation 
73890 Grazing 73890 
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The length of surrounding roads was lowest at site A (~353 m) and highest at 
site C (~831 m) (Table 2.5). However, length of walkways in site A was high (775.5 
m), due to the nearby bush walking trail known as Greene’s Falls circuit. The 
shortest distance to a road was at site B (~32 m), followed by site C (~37 m), while 
the greatest distance to roads and paths was at site A (72.65 – 82.12 m).  
Table 2.5 
Distance to roads and their length, within a 200 m radius of each study site 
Site Type Distance (m) Length (m) 
A To local street (Browns Road) 82.12 352.62 
 
To walking path 72.65 775.5 
B To secondary road (Mount Glorious Road) 32.41 503.43 
C To private road 36.95 601.07 
 
To secondary road (Mount Glorious Road) 161.73 229.7 
 
2.4.2 Sampling effort and spooled individuals 
The sampling effort of locating M. fasciolatus varied considerably between the 
three sites. Sampling effort was lowest in site A, where 10 hours were spent 
searching for M. fasciolatus over 5 nights, and 11 individuals were spooled (Table 
2.6). In site B, 45 hours were spent searching for individuals over 15 nights, resulting 
in 10 spooled individuals. Sampling effort was highest in site C, where 72 hours 
were spent searching for individuals over 24 nights, and only 8 individuals were 
spooled. 
The majority of all spooled individuals were captured within 10 m of the 
stream (Figure 2.11), and there was no significant difference between sites in 
distance found from the stream (H (2) = 1.31, p = 0.5186). There were two outliers, 
an individual from site B that was captured 13.7 m from the stream, and another from 
site C that was captured 33.4 m from the stream. 
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Table 2.6 
Site location and number of spooled M. fasciolatus individuals, with start date of tracking, and date of 
tracking, measured snout-vent length in millimetres, and weight in grams. NA value where weight 
scale was unavailable 
Individual Date start Date end Length (mm) Weight (g) 
A1 7/01/2016 9/01/2016 76 38 
A1 7/01/2016 9/01/2016 69 42 
A3 12/01/2016 14/01/2016 73.5 46 
A4 12/01/2016 14/01/2016 72.5 44.5 
A5 11/02/2016 13/02/2016 66 46 
A6 11/02/2016 13/02/2016 69 44 
A7 15/02/2016 17/02/2016 64.5 42 
A8 15/02/2016 17/02/2016 63 41 
A9 17/02/2016 19/02/2016 64 35 
A10 17/02/2016 19/02/2016 71 38 
A11 17/02/2016 19/02/2016 61 31 
B1 25/10/2015 27/10/2015 65 NA 
B2 27/10/2015 29/10/2015 65 40.5 
B3 25/11/2015 27/11/2015 75 53 
B4 14/12/2015 16/12/2015 74 57 
B5 27/01/2016 29/01/2016 63.9 30.5 
B6 27/01/2016 29/01/2016 63.4 29.5 
B7 27/01/2016 29/01/2016 64 31 
B8 24/02/2016 26/02/2016 60.5 36 
B9 24/02/2016 26/02/2016 62 30.5 
B10 29/02/2016 2/03/2016 71.5 38 
C1 7/11/2015 9/11/2015 62 36 
C2 7/11/2015 9/11/2015 62 30 
C3 14/11/2015 16/11/2015 69 40 
C4 22/11/2015 24/11/2015 65 40.5 
C5 7/02/2016 9/02/2016 61 25.5 
C6 13/03/2016 15/03/2016 60 28 
C7 13/03/2016 15/03/2016 64 31 
C8 21/03/2016 23/03/2016 62 33 
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Figure 2.11. Box and whisker plot of the median distance in metres that spooled individuals were 
captured from the stream (release point), at sites A, B and C. The horizontal line within the box 
indicates the median, the upper and lower boundaries of the box correspond to the first and third 
quartiles, and the whiskers extend to the highest or lowest value that is within 1.5 times the 
interquartile range of the observations. Outliers are plotted as points. 
2.4.3 Movement between nights 
M. fasciolatus from site A moved similar total distances on both nights (Figure 
2.12). In sites B and C, total distance moved was slightly higher on the second night, 
and the variation was greater. Mean run length was also similar between night one 
and two, across all sites, although variation was much higher on the second night for 
both site A and B. Displacement was similar between night one and two for all sites. 
There were no differences in total distance moved, mean run length, or displacement, 
between night one and night two (Table 2.7). Therefore, the data from night one and 
night two (Appendix A) were combined for further analysis (Appendix B). 
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Table 2.7 
Wilcoxon signed-rank test, on the total distance moved, mean run length, and displacement (release 
point to refuge one; refuge one to refuge two), between night one and night two 
Site Measurement (m) V 
p-
value 
A Total distance 26 0.92 
 Mean run length 41 0.1851 
 Displacement 36 0.42 
B Total distance 10 0.08 
 Mean run length 25 0.85 
 Displacement 18 0.65 
C Total distance 5 0.31 
 Mean run length 16 0.31 
 Displacement 12 0.84 
 
  
 Chapter 2: Movement and area of utilisation  39 
 
Figure 2.12. Box and whisker plots of the median (a) total distance moved, (b) mean run length, and 
(c) displacement, of M. fasciolatus on night one and night two, for sites A, B and C. The horizontal 
line within the box indicates the median, the upper and lower boundaries of the box correspond to the 
first and third quartiles, and the whiskers extend to the highest or lowest value that is within 1.5 times 
the interquartile range of the observations. Outliers are plotted as points. 
2.4.4 Snout-vent length and movement 
A multiple linear regression was used to predict the dependent variables of 
total distance moved, mean run length, and displacement, using an interaction 
between the independent variables snout-vent length and sample site. The interaction 
between snout-vent length and site was a significant predictor of total distance 
moved over two nights (F (3,23) = 3.185, p = 0.04288), with an R2 of 0.29. All study 
site interactions were significant predictors of total distance moved, and the 
coefficient slope was greatest for site C (Table 2.8). For individuals of the same 
length, total distance moved was greatest in site C, and lowest in site A (Figure 
2.13). 
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A significant regression was also found for mean run length over two nights (F 
(3, 23) = 4.425, p = 0.01349), with a moderate R2 of 0.37. Mean run length was 
highest in site C, and lowest in site A, and increased positively with snout-vent 
length (Figure 2.13). All site interactions were significant predictors, and the 
coefficient slope was again highest in site C (Table 2.8). 
There was no significant regression found for displacement over two nights (F 
(3, 22) = 1.752, p = 0.1858), although displacement appeared to increase positively 
with snout-vent length at both sites B and C (Figure 2.13), and those interactions 
were significant within the linear regression model (Table 2.8). 
Table 2.8 
Multiple linear regression, where snout-vent length (mm) and site were the dependent variables, and 
total distance moved (TDM), mean run length (MRL), and displacement between release/refuges 
(DBR) were the independent variables. Cell values denote coefficient estimates followed by standard 
errors in brackets. Significant results indicated by ** p < 0.01, * p < 0.05 
 TDM MRL DBR 
Length: Site A 3.99 (1.86) ∗ 0.05 (0.02) ∗ 1.93 (0.96) 
Length: Site B 4.53 (1.90) ∗ 0.05 (0.02) ∗∗ 2.09 (1.00) ∗ 
Length: Site C 4.89 (1.99) ∗ 0.06 (0.02) ∗∗ 2.22 (1.03) ∗ 
R2 0.29 0.37 0.19 
Adjusted R2 0.20 0.28 0.08 
Num. obs. 27 27 26 
 
 Chapter 2: Movement and area of utilisation  41 
 
Figure 2.13. Scatterplots showing the relationship of snout-vent length (mm), with total distance 
moved (m), mean run length (m), and displacement between refuges (m), for sites A, B and C. Linear 
regression line of best fit is shown for significant relationships. 
2.4.5 Weight and movement 
A multiple linear regression was also calculated to predict the total distance 
moved, mean run length, and displacement, based on the interaction of weight and 
study site. There was no significant regression found for total distance moved (F (3, 
22) = 1.613, p = 0.215) or displacement (F (3, 21) = 0.3671, p = 0.7775). There was a 
positive relationship between weight and mean run length for all sites, although the 
relationship appeared to be strongest in site C (Figure 2.14). The regression equation 
was significant (F (3,22) = 4.406, p = 0.01427), with an R2 of 0.38. The interaction 
with weight was significant for all study sites, and the highest coefficient slope was 
site C (Table 2.9). 
 42 Chapter 2: Movement and area of utilisation 
Table 2.9 
Multiple linear regression, where weight (g) and site were the dependent variables, and total distance 
moved (TDM), mean run length (MRL), and displacement between release/refuges (DBR) were the 
independent variables. Cell values denote coefficient estimates followed by standard errors in 
brackets. Significant results indicated by ** p < 0.01, * p < 0.05 
 TDM MRL DBR 
Weight: Site A 0.42 (1.32) 0.02 (0.01) * 0.23 (0.74) 
Weight: Site B 1.29 (1.34) 0.03 (0.01) * 0.42 (0.82) 
Weight: Site C 1.72 (1.59) 0.04 (0.01) ** 0.58 (0.89) 
R2 0.18 0.38 0.05 
Adjusted R2 0.07 0.29 -0.09 
Num. obs. 26 26 25 
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Figure 2.14. Scatterplots showing the relationship of weight (g), with total distance moved (m), mean 
run length (m), and displacement between refuges (m), for sites A, B and C. Linear regression line of 
best fit is shown for significant relationships. 
2.4.6 Movement over two nights 
Although not statistically significant (Table 2.10), total distance moved over 
two nights was lowest in site A, and highest for both sites B and C (Figure 2.15). 
The variation in total distance moved for site C was the greatest of all three sites, 
which could be attributed to the small sample size (n = 6). As a result, the power to 
detect a significant difference was likely reduced. The greatest distance moved over 
two nights was 188.9 m, by an individual from site B. The greatest distance moved 
over two nights in site A was 90.8 m, and 159.6 m in site C. Mean run length and 
displacement were similar between sites A and B, while site C was again slightly 
higher (Figure 2.15), but the differences were not significant (Table 2.10). The 
greatest displacement over two nights was 96.6 m, by an individual from site B. 
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Variation in displacement for both sites A and B was extremely small, in contrast to 
the large variation at site C, which could again be attributed to the small sample size. 
Nevertheless, there did appear to be a visual trend for increasing total distance 
moved from study site A to C. In addition, median values for mean run length and 
displacement were similar between sites A and B, yet greater in site C. 
Table 2.10 
One-way analysis of variance on the total distance moved over two nights between each site. Kruskal-
Wallis rank sum test on the mean run length and displacement over two nights, between each site 
 Analysis of variance   
 DF F value p-value 
Total distance moved 2 1.646 0.214 
 Kruskal-wallis rank sum test   
 DF Kruskal-wallis χ2 p-value 
Mean run length 2 3.5148 0.1725 
Displacement 2 1.1624 0.5592 
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Figure 2.15. Box and whisker plots of the median total distance moved (m), mean run length (m), and 
displacement (m), of M. fasciolatus over two nights, for sites A, B and C. The horizontal line within 
the box indicates the median, the upper and lower boundaries of the box correspond to the first and 
third quartiles, and the whiskers extend to the highest or lowest value that is within 1.5 times the 
interquartile range of the observations. Outliers are plotted as points. 
2.4.7 Movement in relation to streams 
The movements of each individual were categorised based on their direction in 
relation to the stream (Appendix C). Percentage of movements in relation to the 
stream were then compared between study sites (Figure 2.16). The expected null 
ratios of movements in relation to the stream were 50% along, 25% away, and 25% 
towards. In site A, the observed movements were almost identical to the null, with 
slightly less movement towards the stream (20.61%), and slightly more movement 
along the stream (53.48%). Movement along the stream was higher than the expected 
percentages for both site B (61.16%), and site C (57.97%), while movement away 
from the stream was below the expected (16.40% and 16.68%, respectively). In all 
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sites, deviation from the expected ratio of movement was not statistically significant 
(Table 2.11), although almost significant at site B. A comparison of the percentage of 
movements in relation to the stream across study sites was undertaken but no 
significant interaction was found (χ2 (4) = 4.0032, p = 0.4056). 
Table 2.11 
Chi-square goodness of fit test on movement in relation to the stream, for given probabilities along 
(0.5), away (0.25) and towards (0.25) the stream, for each site location 
 χ2 df p-value 
Site A 1.0471 2 0.5924 
Site B 5.712 2 0.0575 
Site C 4.0463 2 0.1322 
 
 
Figure 2.16. Stacked bar plot depicting the percentage of movement by M. fasciolatus over two nights 
in relation to the stream, for each category; either along, away or towards the stream, for sites A, B 
and C. 
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2.4.8 Area of utilisation 
The area utilised by each individual over two nights was calculated using 95% 
kernel UDs (Table 2.12). There was no significant difference in the area utilised by 
M. fasciolatus between the three sites (H (2) = 4.534, p = 0.1036), however there was 
a visual trend for increased areas of utilisation from sites A to C (Figure 2.17). 
Variation in area of utilisation was lowest in site A, and highest in sites B and C.  
Table 2.12 
Areas of utilisation (m2) for each spooled individual (NA for individual A8 due to insufficient 
relocations), calculated using 95% kernel UDs 
Individual 
Site 1 2 3 4 5 6 7 8 9 10 11 
A 112.41 75.52 54.26 52.55 34.95 101.71 26.28 NA 45.39 154.71 48.26 
B 230.11 54.83 75.83 282.57 48.86 70.02 145.28 21.86 4.13 391.96 - 
C 49.09 228.15 182.81 281.26 48.63 278.55 353.65 106.89 - - - 
 
 
Figure 2.17. Box and whisker plot of the median area utilised (m2) by spooled M. fasciolatus over two 
nights, calculated using 95% UDs, in sites A, B and C. The horizontal line within the box indicates the 
median, the upper and lower boundaries of the box correspond to the first and third quartiles, and the 
whiskers extend to the highest or lowest value that is within 1.5 times the interquartile range of the 
observations. 
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A multiple linear regression was calculated to predict area of utilisation, based 
on the interaction between either snout-vent length or weight, and site. There was a 
positive linear trend between snout-vent length and area of utilisation (Figure 2.18), 
and a significant regression equation was found using the snout-vent length model (F 
(3, 24) = 4.626, p = 0.01085), with an R2 of 0.37. All site interactions were 
significant predictors (Table 2.13), and the slope coefficient was highest for site C. 
The regression equation for weight was not significant (F (3, 23) = 2.614, p = 
0.07552).  
Table 2.13 
Multiple linear regression, where body size (model 1: snout-vent length (mm); model 2: weight (g)) 
and site were the dependent variables, and area of utilisation (m2) was the independent variable. Cell 
values denote coefficient estimates followed by standard errors in brackets. Significant results 
indicated by * p < 0.05 
 Area utilised (model 1) Area utilised (model 2) 
Length: Site A 9.14 (4.03) ∗  
Length: Site B 10.42 (4.16) ∗  
Length: Site C 11.86 (4.40) ∗  
Weight: Site A  1.58 (2.74) 
Weight: Site B  3.15 (2.79) 
Weight: Site C  5.56 (3.38) 
R2 0.37 0.25 
Adjusted R2 0.29 0.16 
Num. obs. 28 27 
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Figure 2.18. Scatterplots showing the relationship of (A) snout-vent length (mm) and (B) weight (g) 
with area of utilisation (m2), for spooled M. fasciolatus at sites A, B and C. Linear regression line of 
best fit is shown for significant relationships. 
2.4.9 Utilisation distribution overlap 
The utilisation distribution overlap index (UDOI) was calculated to examine 
the level of space sharing over the entire spooling period at the 95% UD level (Table 
2.14). There were 20 instances of overlapping utilisation distributions (UDs) in site 
B, six in site A, and only two in site C. 
Spatial overlap was also investigated between pairs of UDs for individuals that 
were spooled simultaneously (Table 2.15). In all three sites, there were instances of 
95% UDs overlapping within the same two-night period. The greatest overlap was 
between individuals A1 and A2. Individuals B5 and B6 showed low to moderate 
overlapping, while C6 and C7 showed only a slight overlap. All instances of core UD 
overlap (50% UD) were extremely low. 
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Table 2.14 
UDOI (95% UD) between each individual per site (A, B and C), for the entire spooling period 
Site A 
Individual A1         
A2 0.45 A2        
A3 0.00 0.00 A3       
A4 0.00 0.00 0.08 A4      
A5 0.00 0.00 0.00 0.00 A5     
A6 0.00 0.00 0.02 0.00 0.00 A6    
A7 0.00 0.00 0.00 0.00 0.00 0.00 A7   
A9 0.00 0.00 0.00 0.00 0.00 0.00 0.00 A9  
A10 0.68 0.48 0.00 0.00 0.00 0.00 0.00 0.10 A10 
A11 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Site B 
Individual B1         
B2 0.00 B2        
B3 0.00 0.00 B3       
B4 0.00 0.00 0.07 B4      
B5 0.00 0.00 0.35 0.11 B5     
B6 0.00 0.00 0.01 0.05 0.30 B6    
B7 0.00 0.00 0.08 0.20 0.13 0.07 B7   
B8 0.00 0.00 0.00 0.04 0.00 0.00 0.06 B8  
B9 0.20 0.00 0.00 0.01 0.00 0.00 0.00 0.00 B9 
B10 0.00 0.00 0.09 0.77 0.10 0.11 0.46 0.04 0.00 
Site C 
Individual C1         
C2 0.00 C2        
C3 0.00 0.00 C3       
C4 0.00 0.00 0.00 C4      
C5 0.00 0.00 0.00 0.00 C5     
C6 0.00 0.00 0.00 0.00 0.00 C6    
C7 0.00 0.00 0.00 0.00 0.00 0.10 C7   
C8 0.00 0.00 0.00 0.00 0.00 0.00 0.03   
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Table 2.15 
UDOI between individuals that were spooled simultaneously, calculated at 50% and 95% UD levels 
Individuals UDOI (50) UDOI (95) 
A1 - A2 0.06 0.45 
A3 - A4 0.00 0.08 
A5 - A6 0.00 0.00 
A9 - A10 0.00 0.10 
A9 - A11 0.00 0.00 
A10 - A11 0.00 0.00 
B5 - B6 0.01 0.30 
B5 - B7 0.02 0.13 
B6 - B7 0.01 0.07 
B8 - B9 0.00 0.00 
C1 - C2 0.00 0.00 
C6 - C7 0.00 0.10 
 
2.4.10 Utilisation distribution visualisation 
A visual analysis of utilisation distributions was undertaken. The majority of 
home ranges in site A showed an even spatial distribution of movement across the x 
and y planes (Figure 2.19). This indicates that an individual’s movements were 
centred or restricted to a specific area. Individuals A3 and A9 however, showed more 
linear patterns of movement within their home ranges. Individuals A1 and A2 were 
overlapping during the same two-night period (UDOI = 0.45). Individuals A3 and A4 
were also tracked in the same two-night period, however their patterns of utilisation 
distribution were different. Individual A3 dispersed away from individual A4, who 
remained within the same patch of space (UDOI = 0.08). 
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Figure 2.19. Areas of utilisation (95% kernel) of spooled individuals across two nights, for site A. 
Approximate location of stream represented by a blue line of best fit, using the distances to stream 
from each release point and diurnal refuge. 
The patterns of UDs in site B were overall more linear, and often disjointed, 
than those in site A (Figure 2.20). However, individual B1 utilised a more spatially 
even distribution, similar to those from site A. Areas of utilisation occurred within a 
roughly 20 m band south of the stream. Individuals B4 and B7 moved adjacently to 
the stream, utilising areas that spanned roughly 40 to 60 m along the stream. There 
also appeared to be a barrier to movement, seen by the relatively flat southern UD 
edges for individuals B4, B6, and B10, which was likely explained by the adjacent 
car park and Mount Glorious Road. 
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Figure 2.20. Areas of utilisation (95% kernel) of spooled individuals across two nights, for site B. 
Approximate location of stream represented by a blue line of best fit, using the distances to stream 
from each release point and diurnal refuge. 
Individuals in site C utilised distinct areas with minimal spatial overlap in 
movements (Figure 2.21). The patterns of UDs in site C were varied, and individuals 
utilised area both along and away from the stream. In addition, UDs were disjointed, 
which indicates that movements were not restricted to a single area, and instead 
individuals utilised several areas over a two-night period. Individual B6 made the 
largest dispersal, resulting in two distinct areas of utilisation.  
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Figure 2.21. Areas of utilisation (95% kernel) of spooled individuals across two nights, for site C. 
Approximate location of stream represented by a blue line of best fit, using the distances to stream 
from each release point and diurnal refuge. 
The UDs of M. fasciolatus in each site were also compared using the same 
scale of measurement (Figure 2.22). Inter-site visual comparison showed that the 
areas of utilisation in site C were generally larger compared to sites A and B, with 
the exception of individual B1. The area utilised by three individuals from site C was 
greater than the area utilised by up to six individuals from either sites A or B. 
Patterns of space use appeared most similar between sites B and C, due to their 
disjointed forms. However, UDs were narrower in site B in comparison to site C.  
 Chapter 2: Movement and area of utilisation  55 
 
Figure 2.22. Areas of utilisation (95% kernel) of spooled individuals across two nights, for (A) site A, 
(B) site B, (C.1) site C individuals C6, C7, C8, and (C.2) site C individuals C1, C2, and C3. 
Approximate location of stream represented by a blue line of best fit, using the distances to stream 
from each release point and diurnal refuge. 
The distributions of release and refuge points in site A were typically 
triangular, and separated by small distances (Figure 2.23). Individual A3 however, 
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dispersed large distances between release and refuge points on both nights, moving 
away from the stream. Individual A8 did not move at all over the two-night period.  
 
Figure 2.23. Release and refuge point locations of spooled individuals for site A with (A.1) labels and 
(A.2) polygons where three points were present. Approximate location of stream represented by a blue 
line of best fit, using the distances to stream from each release point and diurnal refuge.  
 Chapter 2: Movement and area of utilisation  57 
The distances between release and refuge points in site B were also low, except 
for individual B10, who dispersed large distances between all three points (Figure 
2.24). Distributions of release and refuge points were overall less equilateral in 
comparison to site A.  
 
Figure 2.24. Release and refuge point locations of spooled individuals for site B with (B.1) labels and 
(B.2) polygons where three points were present. Approximate location of stream represented by a blue 
line of best fit, using the distances to stream from each release point and diurnal refuge. 
There were large distances between the release and refuge points of individuals 
C3, C4, and C7 (Figure 2.25). The distribution of release and refuge points for 
individual C7 was triangular, compared to the distributions of individuals C3 and C4, 
which were more linear and adjacent to the stream.  
 58 Chapter 2: Movement and area of utilisation 
 
Figure 2.25. Release and refuge point locations of spooled individuals for site C with (C.1) labels and 
(C.2) polygons where three points were present. Approximate location of stream represented by a blue 
line of best fit, using the distances to stream from each release point and diurnal refuge. 
2.4.11 Temporal movement and area of utilisation 
Three individuals from both sites B and C were spooled on the same night, and 
this allowed a temporal investigation of movement and area utilised in relation to 
others at a site. The three individuals tracked over the same two-night period in site 
A had distinct areas of utilisation, with limited over-lapping (Figure 2.26). Individual 
A10 showed the largest distance moved and area of utilisation, and also the largest 
snout-vent length, 71mm, compared to 64mm for individual A9, and 61mm for 
individual A11. 
At site B, individuals B5 and B6 showed spatially similar areas of utilisation 
for the two-night period (Figure 2.26). However, the UD of individual B7 was 
primarily parallel to the stream, and moving down-stream, away from the other two 
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individuals. Individuals B5 and B6 shared a similar spatial area, moving south, away 
from the stream, before branching into different directions. This area was a naturally 
cleared pathway from the car park, leading down the stream bank, and eroded due to 
human use. Individuals B5, B6 and B7 were almost identical in snout-vent length 
(63.9 mm, 63.4 mm, 64 mm). 
 
Figure 2.26. Areas of utilisation (95% kernel) and release and refuge point locations of three 
individuals from (A) site A and (B) site B, tracked across the same time period. Individuals from site 
A (9, 10 and 11), tracked from 17/02/2016 to 19/02/2016. Individuals from site B (5, 6, and 7), 
tracked from 27/01/2016 to 29/01/2016. 
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2.5 DISCUSSION 
By using the spool and line tracking method, detailed movements of M. 
fasciolatus males were obtained over a two-night period in three sites which were 
found to differ in their riparian vegetation condition. Riparian vegetation condition 
was highest in site A as this site was remnant rainforest with no exotic vegetation and 
low disturbance associated with land use change and fragmentation. Site B riparian 
vegetation condition was lower due to the presence of weeds and disturbance 
associated with proximity to a major road and car park. While site C riparian 
vegetation condition was poor. This site was a non-remnant forest with high weed 
cover, and edge effects are likely to be significant due to the site’s location in the 
ecotone between national park and cleared land.  
Because differences in movement between the three sites could be due to body 
size, the influence of body size on movements was first investigated. It was found 
that larger frogs (snout-vent length) moved greater total distances, and utilised larger 
areas, in all sites. This relationship has not been previously detected in M. fasciolatus 
(Streatfeild 1999), and indicates increased energy requirements of larger M. 
fasciolatus males resulting in greater distances moved while foraging (McNab 1963; 
Simon 1975; Ovaska 1992). Dole (1965a) found a positive relationship between 
home range size and body size in the leopard frog (Rana pipiens). Similar 
relationships have also been found in mammals (McNab 1963; Lindstedt et al. 1986) 
and birds (Ottaviani et al. 2006). However, in some cases, correlations between 
distance moved and snout-vent length in anurans have not been detected (Doak 2005; 
Tozetti & Toledo 2005), which could be a result of low variation in body size, or an 
indication that this relationship is species specific. The positive relationship of 
movement with body size in M. fasciolatus may only apply to adult males, as only 
males greater than 60 mm in snout-vent and 30 g in weight were spooled. The 
relationship may therefore change with the inclusion of juveniles and females. 
Because this morphological relationship was consistent across sites, movement and 
area of utilisation were then compared between sites, in order to determine the 
influence of riparian vegetation condition. 
Although not statistically significant, total distance moved and area utilised by 
M. fasciolatus over two nights were lowest in site A, higher in site B, and highest in 
site C. Movements by M. fasciolatus in site A were comparable to a previous study 
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by Streatfeild (1999), where the mean movement in a 24-hour period was 26.7 m for 
males, sampled from subtropical rainforest in Lamington National Park. However, 
total distance moved and area utilised over two nights in sites B and C were larger. 
Furthermore, the greatest distance moved in a single night was 117.2 m, by an 
individual in site B. This large movement in a single night was not originally 
anticipated, as previously the largest distance moved by M. fasciolatus recorded for 
one night during spooling was 42.4 m by a female, and 37 m by a male (Streatfeild 
1999). Because foraging for food is known to take up a significant proportion of 
amphibian nocturnal activity, increased movements in the sites of lower riparian 
vegetation condition may be due to lower resource availability. Territory size is 
known to vary inversely with food availability for a range of species (Hixon 1980; 
Powers & McKee 1994). For instance, in an experimental study of the insectivorous 
lizard (Sceloporus jarrovi), it was found that territories compressed significantly 
when food was added, despite an adequate natural food supply (Simon 1975). 
Greater resource availability can also reduce the movement required within the 
territory during daily activities (Ebersole 1980). As a result, the smaller distances 
moved in site A may be a result of greater resource availability. Whereas the larger 
movements and areas of utilisation in sites B and C may correspond to a lower 
resource availability in these sites. As a result, these findings may indicate that M. 
fasciolatus males in lower condition sites are required to move greater distances 
while foraging, due to reduced availability of resources. 
Patterns of movement also differed between the three sites. Movements at site 
A were the most evenly distributed, and utilisation distributions were primarily 
amoeboid in appearance. This was in contrast to movement patterns in sites B and C 
which were more linear. This could be a result of patchy resources in sites B and C, 
whereby M. fasciolatus males in lower condition sites are required to disperse short 
distances more frequently in order to access resources. Home ranges of animals are 
generally associated with the spatial distribution of limiting resources in a landscape 
(Mitchell & Powell 2004), and a similar relationship may be present at the 
microhabitat scale (see Chapter 3). The mean run lengths in site C were also the 
highest, and this may be because more time was spent moving with a purpose 
(dispersing), in order to reach resources, therefore resulting in fewer changes in 
direction. 
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Movements by M. fasciolatus in relation to the stream were also examined, in 
order to determine if stream dependence was influenced by riparian vegetation 
condition. Movement mostly occurred within 20 m of the stream in all three sites. In 
site A, movement patterns were typically independent of the stream, and the 
percentage of movements in relation to the stream was close to the expected ratio. 
However, the percentage of movements away from the stream was lower than 
expected at both sites B and C, and movement along the stream was higher. These 
results were reflected in the movement patterns observed, where linear movements 
along or adjacent to the stream were more common in sites B and C, compared to site 
A. These results were in contrast to the findings of Streatfeild (1999), who found M. 
fasciolatus moved predominately away from the stream. There may be an increased 
dependence on the stream by male M. fasciolatus in these sites in the current study, 
due to the lower riparian vegetation condition. For instance, Crawford and Semlitsch 
(2008) found reduced terrestrial habitat use by stream salamanders in tree stands 
below 40 years of age. This was thought to be related to the reduced habitat quality, 
including loss of leaf litter depth and decreased soil moisture, which forced 
salamanders to occupy areas closer to the stream.  
These movement patterns however, could also be due to the lower distances to 
roads at sites B and C, which were roughly parallel to the stream, and may therefore 
indicate M. fasciolatus avoid edges of riparian vegetation during daily movement. 
The behaviour to avoid exposed areas such as roads or pastures has been 
demonstrated for a range of amphibian species (Gibbs 1998; DeMaynadier & Hunter 
Jr 1999; Rothermel & Semlitsch 2002; Rittenhouse & Semlitsch 2006). In the 
movement patterns of individuals from site B, a barrier to movement for several 
individuals was visible, which coincided with the edge of the riparian vegetation and 
the car park. As a result, Mount Glorious Road and the car park were potentially 
acting as barriers to movement in this site, supporting the hypothesis that M. 
fasciolatus avoid edges of riparian vegetation. A study by Rothermel and Semlitsch 
(2002) demonstrated that spotted salamanders (Ambystoma maculatum) and 
American toads (Anaxyrus americanus) moved further into forest than into field. 
They attributed their findings to higher mortality in the field site, as a result of 
desiccation or increased predation, highlighting the potential negative consequences 
for populations in altered landscapes. 
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The degree of space use sharing by M. fasciolatus in each site was also 
examined. Core areas of space use (50% UDs) were exclusive in all three sites, with 
little to no overlap. This could be an indication of inter-male spacing by M. 
fasciolatus during the breeding season, resulting from territorial behaviour (Pröhl & 
Berke 2001; Narvaes & Rodrigues 2005). Defence of core areas against other males 
is generally through vocalisation (Littlejohn 1977; Telford 1985; Wilczynski & 
Brenowitz 1988; Murphy & Floyd 2005). Two distinct vocalisations of M. 
fasciolatus were heard during this study (pers. obs.); the reproductive advertisement 
call, and a higher pitched, staccato call, heard only when males were calling in close 
proximity to one another, or as a response to call playback. Because male combat has 
been observed in this species (Banks et al. 2003), a short-range call is likely used as 
the first stage in an aggressive encounter (Arak 1983). Further studies using video 
and call play back are required and may reveal such aggressive behaviour to support 
this hypothesis. Male M. fasciolatus are also known to identify species and 
individuals from their odours and assess the associated predation risk (Hamer et al. 
2011), which is another mechanism by which M. fasciolatus may maintain distinct 
core areas. This represents another interesting area of study for future research. 
For M. fasciolatus tracked simultaneously, utilisation distribution overlap 
(95%) over two nights was higher in sites A and B, compared to site C. Site C 
seemingly has a lower density population, based on the low catch per unit effort, 
perhaps contributing to the lower overlap in this site. However, a more patchy food 
availability could also explain differences observed in space-use sharing between 
sites. Individuals of some species, such as bears and nectarivorous birds, have been 
reported to defend territories in only certain parts of their range (Powell 2000). 
Therefore, differences in space-use sharing between sites could be an indication of 
among site variation in territorial behaviour. These findings indicate M. fasciolatus in 
sites of higher riparian vegetation condition share space across small temporal time 
scales, possibly due to reduced territoriality as a result of abundant resources. On the 
other hand, utilisation of distinct areas across two-night periods in site C suggests 
increased territoriality by M. fasciolatus in sites of low riparian vegetation condition, 
due to defence of limited resources such as food or mates.  
Simultaneous spooling of three individuals from sites A and B also revealed 
differences in movement patterns. There was a convergence of movements by three 
 64 Chapter 2: Movement and area of utilisation 
individuals in the same two-night period in site B, over an area that was known to be 
an eroded pathway. This shows that M. fasciolatus overlap their movements across 
relatively short time spans to utilise sections of habitat that facilitate movement. This 
behaviour was also found by Birchfield and Deters (2005), who found adult northern 
green frogs (Rana clamitans melanota) tended to displace along the habitat type 
offering least resistance to movement during migration. Because this behaviour was 
not seen in site A, it could be an indication of increased microhabitat resistance in 
site B, due to the lower riparian vegetation condition. In addition, temporal 
movement patterns of the three frogs from site A did not overlap, however, the areas 
of utilisation were located in close proximity to one another, bordering on their 
edges. Because movement patterns by two of the frogs were evenly distributed, these 
were likely defensible territories where individuals carried out foraging and calling 
behaviours, resulting in inter-male spacing. Overall, the differences in temporal 
movement patterns between sites A and B demonstrate the influence of even a small 
reduction in riparian vegetation condition on movement in this species.  
Areas utilised by M. fasciolatus in sites A and B were also found to overlap 
with other individuals within the same breeding season. This is an indication that M. 
fasciolatus do not maintain long-term home ranges in these sites. This behaviour has 
been seen in other stream-associated anurans in Australia. In the rainforest species L. 
lesueuri and L. genimaculata, movement patterns showed frequent long departures 
from their starting points, which was interpreted as a lack of long-term fixed home 
ranges (Rowley & Alford 2007). Furthermore, when Streatfeild (1999) estimated 
area utilised by M. fasciolatus using radio tracking, estimates showed no signs of 
stabilisation despite tracking periods of up to 13 weeks. Rather than due to 
inadequate time tracked, as was hypothesised, this is further support for the 
hypothesis that M. fasciolatus do not have long-term home ranges. 
In comparison to sites A and B, there was almost no overlap of utilisation 
distributions in site C with other individuals within the same breeding season. This 
could indicate long term site fidelity and home range defence by M. fasciolatus in 
sites of poor riparian vegetation condition due to the reduced availability of suitable 
resources and microhabitat (Crump 1986; Narvaes & Rodrigues 2005). Long term 
affinity for a home range has been demonstrated in other anuran species (Dole 
1965a; Crump 1986; Ringler et al. 2009). Doak (2005) found that M. fleayi males 
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remain close to their breeding site throughout and between breeding seasons, 
probably as a way to maintain suitable territories. In addition, site fidelity in anurans 
may be more likely when the probability to improve territory quality by dispersal is 
low (Ringler et al. 2009). Therefore, availability of suitable resources and 
microhabitat features in site C may be limited by the poor riparian vegetation 
condition, resulting in long-term site fidelity, in preference to searching for sites 
which are potentially less suitable (Doak 2005). As a result, M. fasciolatus daily 
movements and behaviour associated with home range defence are likely to be more 
significant in sites of lower riparian vegetation condition. 
The overall lack of overlap of utilisation distributions in site C could also be 
attributed to sampling bias as fewer individuals were spooled. This was because 
density of M. fasciolatus was lowest in site C, even with the high sampling effort; 72 
hours were spent searching over 24 nights, but only 8 individuals were captured. In 
addition, almost every individual which was heard calling in site C throughout the 
study period was spooled, or else examined for evidence of a missing toe-tip, which 
revealed in almost all cases that the individual had already been sampled. This was in 
contrast to sites A and B where density was higher, evidenced by the lower sampling 
effort required at these sites (10 hours of searching for 11 individuals at site A, and 
45 hours of searching for 10 individuals at site B). Therefore, differences in density 
of M. fasciolatus between the three sites may also be another factor contributing to 
differences in movement patterns, such as increased movement and areas of 
utilisation in sites B and C. For instance, it has been suggested that anuran home 
range size may be reduced at high densities (Currie & Bellis 1969), and in an 
investigation into the differences in home range size between two populations of 
Rana pipiens, it was suggested that increased density of individuals at one site led to 
smaller home ranges (Dole 1965a). Future investigation would be required to 
determine the potential influence of population density on utilisation area of M. 
fasciolatus. 
2.5.1 Conclusion 
Movement and area of utilisation by M. fasciolatus varied among sites. In 
particular, individuals in sites B and C moved greater distances and utilised larger 
areas within a two-night period. The differences between sites may have been related 
to availability of resources associated with food or reproduction, or landscape effects 
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such as edges. These results have important implications for the development of 
management guidelines, as studies which investigate anuran movement in good 
condition habitats may not provide suitable guidelines for conservation in disturbed 
habitats. Furthermore, these results suggest that riparian vegetation condition is a 
significant factor influencing the movement patterns of this species, and riparian 
vegetation condition should therefore be an important consideration in developing 
management guidelines for M. fasciolatus.  
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Chapter 3: Diurnal refuge microhabitat use 
3.1 INTRODUCTION 
Amphibians are more susceptible to environmental variation than other 
tetrapods because of their permeable skin (Duellman & Trueb 1986). Amphibian 
skin provides very little resistance to the movement of water, evaporating at a rate 
equivalent to a free water surface (Withers et al. 1984). As a result, most amphibians 
avoid high daytime temperatures by being active at night and occupying diurnal 
refuge sites during the day (Duellman & Trueb 1986). Anurans can utilise a range of 
microhabitats as retreat sites in order to escape adverse climatic condition (Hamer et 
al. 2003). Because refuge sites afford critical daytime protection for many anurans, 
any reduction or degradation of suitable refuge microhabitat could therefore impact 
the viability of individuals or even whole populations (Bleach et al. 2014). 
Amphibians use refuge sites for thermal regulation, to minimise desiccation 
and to avoid predation (Navas 1996; Schwarzkopf & Alford 1996; Spieler & 
Linsenmair 1998; Smith et al. 2003). Hamer et al. (2003) found a tendency for the 
endangered green and golden bell frog (Litoria aurea) to occupy warmer retreat sites, 
in order to increase their body temperature to facilitate feeding and digestion. In 
another study, Seebacher and Alford (2002) found that diurnal refuges significantly 
reduced dehydration and temperature stress in cane toads (Rhinella marinus). The 
potential for a diurnal refuge to provide suitable conditions however, depends upon 
the microhabitat available, and an individual species’ requirements. 
In order to minimise desiccation, many anurans take refuge under leaf litter on 
predominately soil substrates (Dole 1965b; Cohen & Alford 1996; Streatfeild 1999; 
Pizzatto et al. 2014; Thompson & Thompson 2015) because direct contact with 
moisture in the soil allows for rehydration (Heatwole & Lim 1961). Rittenhouse et 
al. (2008) found that wood frogs (Lithobates sylvaticus) refuged under the leaf litter 
with their bellies pressed against the soil in order to absorb moisture. Some species 
also use burrows beneath the soil, either self-made, natural, or abandoned (Main & 
Bentley 1964; Bailey & Roberts 1981; Schwarzkopf & Alford 1996; Richter et al. 
2001). American toads (Anaxyrus americanus) were found to absorb soil moisture 
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and prevent evaporative water loss by burrowing into the soil (Rittenhouse et al. 
2008). Soil moisture content is likely higher within burrows compared to exposed 
soils, due to reduced air circulation and solar radiation (Cohen & Alford 1996). This 
makes them advantageous when access to other sources of water is restricted by 
environmental conditions (Hoffman & Katz 1989) and for restoring water lost during 
nocturnal foraging (Duellman & Trueb 1986). 
Anurans also tend to select refuges closer to the stream in order to minimise 
desiccation (Smith et al. 2003; Garnham et al. 2015). Closer proximity to a stream 
requires less distance moved in order to rehydrate, and this could be a significant 
factor for the survival of stream associated anurans during periods of environmental 
stress. For instance, Schwarzkopf and Alford (1996) found that cane toads utilised 
burrows or natural depressions near streams during dry periods, but switched to more 
frequent use of depressions at a greater distance from permanent water during the 
wet season. 
Diurnal refuges also aid in predator avoidance (Martof 1953; Duellman & 
Trueb 1986). Use of refuge burrows by gopher frogs (Rana capito) was found to 
significantly reduce their risk of mortality in open habitat (Roznik & Johnson 2009). 
However, some anurans also stay exposed during refuge. Lemckert and Brassil 
(2000) observed that M. iteratus sheltered above leaf litter but remained alert during 
their daytime refuge. Anurans which take refuge partially or fully exposed must 
therefore rely on their camouflage with surrounding ground cover and vegetation to 
avoid predation. 
Because of their physiological dependence on the immediate environment, 
amphibians may be sensitive to even slight habitat alterations (Cushman 2006). Even 
microhabitats within the same forest may not by equally suitable for amphibians. In 
two sites of continuous forest, located within 50 - 100 m of each other, Rittenhouse et 
al. (2008) found that differences in leaf litter microhabitats between sites resulted in 
low soil moisture in one site, causing three anuran species to experience higher 
mortality from desiccation. In another study in south eastern Brazil, populations of 
the same species were observed at different sites, and noticeable differences in their 
patterns of microhabitat use were found, indicating that habitat and site influence 
microhabitat use by tadpoles and adult anurans (Eterovick et al. 2010). As a result, 
species specific investigation of microhabitat use across differing sites is required in 
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order to better understand anuran microhabitat requirements and inform management 
guidelines. 
Diurnal refuge microhabitat use by M. fasciolatus has been previously 
investigated (Streatfeild 1999), however the influence of riparian vegetation condition 
is unknown. Therefore, this chapter investigated the diurnal refuge microhabitat use 
by M. fasciolatus in sites which differ in riparian vegetation condition. The influence 
of body size on refuge distance from the stream was first examined at all sites, 
followed by the difference in diurnal refuge distance from the stream between each 
site. Ground cover composition of diurnal refuge locations was also examined and 
compared to estimates of cover in the surrounding study site. The influence of diurnal 
refuge soil moisture content on an individual’s subsequent movement and 
displacement between refuges was then examined across sites. This allowed a 
comparison of whether the soil moisture of a refuge influenced the activity of a frog 
(whether it moved or remained in refuge) at sites with differing riparian vegetation 
condition.  
3.2 METHODS 
3.2.1 Diurnal refuge microhabitat characteristics 
A microhabitat assessment was conducted at each diurnal refuge for each 
spool-tracked frog. First, a 1m2 quadrat was placed at the location of each diurnal 
refuge, with the diurnal refuge used as the central point of the quadrat. Within each 
quadrat, ground cover was estimated to the nearest 5%, based on the amount of bare 
ground, rock, leaf litter, forb or shrubs, and grass cover. Soil moisture content of the 
refuge was then recorded using a soil moisture probe (ICT International Moisture 
Probe Meter, model MPM-160-B).  Five measurements were taken at random around 
the central point of the quadrat and an average determined. The distance and 
direction to the stream, taken from each individual’s release point, diurnal refuge day 
one, and diurnal refuge day two, was recorded during spool-tracking (Chapter 2). 
 
3.2.2 Statistical analysis 
All statistical analysis was conducted using R (R Core Team 2016). 
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Diurnal refuge distance from stream 
The distance to stream from the diurnal refuge was first compared between 
refuge one and two, for each individual. After testing for normality a Wilcoxon 
signed-rank test was conducted. The test was paired, because diurnal refuge one and 
two of each individual were separated by approximately 24 hours. 
Mean diurnal refuge distance to stream over two nights was then compared 
between study sites. Diurnal refuge one distance to stream was used in place of the 
mean distance over two nights, when no diurnal refuge two distance to stream was 
available (see section 2.2.4). The data were non-normal with heterogeneous 
variances and therefore a Kruskal-Wallis test was conducted. 
A multiple linear regression was used to investigate the mean diurnal refuge 
distance to stream over two nights, based on the morphological factors snout-vent 
length or weight, and their interaction with study site. The assumptions of the 
multiple linear regression were examined using diagnostic plots. 
Microhabitat variables between sites 
Mean diurnal refuge ground cover percentages for each site were compared to 
overall site estimations of ground cover (Chapter 2) using a Chi-square test of 
independence. Because diurnal refuge ground cover measurements did not 
distinguish between native and non-native vegetation, the study site ground cover 
categories of native forbs, native shrubs, and non-native forbs and shrubs, were 
combined into a single category of cover called forbs or shrubs. This allowed 
comparison between diurnal refuge ground cover and study site ground cover. A 
mean diurnal refuge ground cover was first calculated for each individual using the 
mean ground cover of diurnal refuge one and two for each individual because the 
ground cover data were not independent. An overall mean diurnal refuge ground 
cover was then calculated for each site. 
Soil moisture and movement 
The soil moisture content of diurnal refuge one and two were first compared 
between study sites. The data for all sites were non-normal with heterogeneous 
variances and therefore a Kruskal-Wallis test was conducted. 
Multiple linear regression was used to investigate the interaction between soil 
moisture content of diurnal refuge one and study site location and the response 
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variables were total distance moved on night two and displacement between diurnal 
refuge one and two. Only diurnal refuge one soil moisture was used, and night two 
movement, in order to examine the influence of refuge soil moisture on an 
individual’s subsequent total distance moved and refuge fidelity (displacement).  
Microhabitat variables and frog activity 
The ratio of individuals which were inactive on night two was first compared 
between study sites. Inactive individuals where those with a total distance moved of 
zero on the second night because they remained in their refuge. 
Soil moisture content of diurnal refuge one was compared between individuals 
which were active or inactive on the second night across all sites, in order to examine 
the association between soil moisture content of refuges and the subsequent activity 
of the frogs. The data were not normally distributed and therefore a Wilcoxon rank-
sum test (equivalent to the Mann-Whitney U test) was conducted. Total distance 
moved on night one was then compared between night two active and inactive 
individuals, to examine whether individuals which were inactive on night two had 
moved greater distances on night one. Total distance moved on night one was normal 
with homogeneous variance, therefore a t-test was conducted. 
3.3 RESULTS 
3.3.1 Diurnal refuge distance from stream 
Between night one and two 
The distance of diurnal refuges from the stream (Appendix D) was compared 
between night one and two and no significant difference was found at each study site 
(Table 3.1). The median distance from stream at site A was slightly higher for 
diurnal refuge two compared to diurnal refuge one (Figure 3.1). The opposite was 
true for site C, where the distance from stream was slightly higher for diurnal refuge 
one. The greatest distance of a diurnal refuge from the stream was 24.2 m at site A, 
18.8 m at site B, and 32.2 m at site C. 
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Table 3.1 
Wilcoxon signed-rank test, between diurnal refuge one distance from stream, and diurnal refuge two 
distance from stream, for each site 
Site V p-value 
A 5 0.1508 
B 16 0.2945 
C 10 0.1003 
 
 
Figure 3.1. Box and whisker plots of median diurnal refuge one (DR1) and two (DR2) distances from 
stream (m), for sites A, B and C. The horizontal line within the box indicates the median, the upper 
and lower boundaries of the box correspond to the first and third quartiles, and the whiskers extend to 
the highest or lowest value that is within 1.5 times the interquartile range of the observations. Outliers 
are plotted as points. 
Between sites 
Distance of diurnal refuge one and two from stream was averaged for each 
individual. There was no difference in the mean diurnal refuge distance to stream 
between sites (H (2) = 2.1406, p = 0.3429). Mean diurnal refuge distance to stream 
over two nights was low in all three sites, with median values around 5 m (Figure 
3.2). Variation in the mean refuge distance from stream was lowest for site B. 
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Figure 3.2. Box and whisker plot of median diurnal refuge distance from stream for each spooled M. 
fasciolatus (mean distance of diurnal refuge one and two from stream) for sites A, B and C. The 
horizontal line within the box indicates the median, the upper and lower boundaries of the box 
correspond to the first and third quartiles, and the whiskers extend to the highest or lowest value that 
is within 1.5 times the interquartile range of the observations. Outliers are plotted as points.  
Body size 
As no difference was detected between study sites, a simple linear regression 
was calculated to predict mean diurnal refuge distance from stream, based on snout-
vent length or weight for all individuals. There was no relationship found based on 
either snout-vent length (F (1,25) = 0.01404, p = 0.9066) or weight (F (1,24) = 
0.3752, p = 0.546). In both cases, R2 values were extremely low (Table 3.2). 
Although not significant, there did appear to be a slight positive trend between snout-
vent length and weight, with distance from the stream in site A (Figure 3.3), while 
site B and C showed no relationship. 
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Table 3.2 
Linear regression, where body size (model 1: snout-vent length (mm); model 2: weight (g)) was the 
dependent variable, and mean distance of diurnal refuge to the stream over two nights (m) was the 
independent variable. Cell values denote coefficient estimates followed by standard errors in brackets. 
Significant results indicated by *** p < 0.001, ** p < 0.01, * p < 0.05 
 DR to stream (model 1) DR to stream (model 2) 
Length 0.03 (0.25)  
Weight  −0.10 (0.17) 
R2 0.00 0.02 
Adjusted R2 -0.04 -0.03 
Num. obs. 27 26 
 
 
Figure 3.3. Scatterplots showing the relationship between mean diurnal refuge distance from stream 
over two nights, and (A) snout-vent length (SVL), or (B) weight, for all individuals. 
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3.3.2 Diurnal refuge ground cover 
There was a difference between ground cover surrounding diurnal refuge 
locations (1 m2 quadrat), and overall study site estimations for all three sites (Figure 
3.4). A significant difference in proportions was found at site A (χ2 (3) = 12.624, p = 
0.0055), site B (χ2 (3) = 38.707, p = < 0.001) and site C (χ2 (4) = 23.923, p = < 
0.001). 
At site A, diurnal refuge leaf litter cover was higher (82.27%) than the site 
estimate (60.60%), while diurnal refuge bare ground cover was lower (6.59%) than 
the site estimate (19%). Rock and forb/shrub cover was relatively low within site A 
(9.00% and 11.4%, respectively), which was reflected in the diurnal refuge cover 
(6.59% and 4.55%, respectively). 
At site B, diurnal refuge leaf litter cover was much higher (56.44%) than the 
site estimate (19%). Site B had the greatest amount of rock cover (38.60%) and 
forb/shrub cover (37.80%), of all three sites. However, refuge rock cover (13.86%) 
and forb/shrub cover (19.14%) was particularly low, in comparison to the high site 
estimates. 
Grass cover was absent from sites A and B, yet represented almost a third of 
the ground cover in site C (30.40%). In addition, refuge grass cover (40.83%) was 
higher than the site estimate. The majority of grass cover at site C was non-native 
(see Table 2.2). Refuge forb/shrub cover was much lower (5.0%) than the site 
estimate (23.8%). Refuge litter cover (40.24%) was higher than the site average 
(29.40%), while refuge rock cover (4.16%) was lower (13.40%). 
In all three sites, diurnal refuge forb/shrub cover (4.55%, 19.14% and 5%) was 
lower than site estimates (11.40%, 37.80% and 23.80%), for sites A, B and C 
respectively. 
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Figure 3.4. Stacked bar plots depicting the overall study site ground cover percentages, and 
Mixophyes fasciolatus diurnal refuge ground cover percentages for sites A, B and C. 
3.3.3 Soil moisture content 
The difference in soil moisture percentage was examined between sites and no 
significant difference was found between sites for diurnal refuge one (H (2) = 
0.33189, p = 0.8471) and diurnal refuge two (H (2) = 1.3662, p = 0.5051). At site A, 
median soil moisture percentage was slightly higher for both diurnal refuge one and 
two (Figure 3.5). The variation in soil moisture percentage at site B was extremely 
high, ranging from less than 10%, to almost 40%. This could be due to the low 
sample size of diurnal refuge soil moisture measurements for site B, as a result of 
individuals that were found in refuges on a rocky substrate (Appendix E). 
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Figure 3.5. Box and whisker plots of the median soil moisture content (percentage) of sites A, B and 
C, for diurnal refuge one (DR1) and two (DR2). The horizontal line within the box indicates the 
median, the upper and lower boundaries of the box correspond to the first and third quartiles, and the 
whiskers extend to the highest or lowest value that is within 1.5 times the interquartile range of the 
observations.  
Soil moisture and movement 
The influence of diurnal refuge one soil moisture content, on an individual’s 
subsequent (night two) total distance moved and displacement between refuges was 
examined (Figure 3.6). No significant regression equation was found using the 
interaction of soil moisture and study site on night two total distance moved (F (3,16) 
= 1.144, p = 0.3615), or displacement between diurnal refuge one and two (F (3, 16) 
= 0.9509, p = 0.4396) (Table 3.3). 
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Table 3.3 
Multiple linear regression, where soil moisture content of diurnal refuge one (percentage) and study 
site location were the dependent variables, and total distance moved in metres (TDM) on night two 
and displacement between diurnal refuge one and two in metres (DBR) were the independent 
variables. Cell values denote coefficient estimates followed by standard errors in brackets. Significant 
results indicated by *** p < 0.001, ** p < 0.01, * p < 0.05 
 TDM DBR 
SM DR1: Site A −0.72 (0.97) −0.65 (0.42) 
SM DR1: Site B −0.11 (0.84) −0.47 (0.36) 
SM DR1: Site C 0.71 (1.05) −0.36 (0.45) 
R2 0.18 0.15 
Adjusted R2 0.02 −0.01 
Num. obs. 20 20 
 
 
Figure 3.6. Scatterplots showing the relationship between soil moisture percentage of diurnal refuge 
one (DR1), and (A) total distance moved on night two, or (B) displacement between diurnal refuge 
one and two, for sites A, B and C. 
3.3.4 Microhabitat conditions and frog activity 
The ratio of individuals which were inactive on the second night was similar 
across the three study sites (site A = 36.36%, site B = 30.00%, site C = 33.33%). Soil 
moisture content of diurnal refuge one was compared between night two active and 
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inactive individuals, from all sites, and no significant difference was found (W = 51, 
p = 0.8506). The total distance moved on night one was also compared between night 
two active and inactive individuals, in order to determine if individuals that were 
inactive on night two had moved greater distances on the previous night, than those 
that were active on night two. Again, no difference was found (t (20) = 1.1153, p = 
0.2773). 
3.4 DISCUSSION 
M. fasciolatus were found to take refuge within 10 m of the stream at all sites, 
despite differences in riparian vegetation condition. This was similar to the results 
from a previous spooling study, where the mean diurnal refuge distance from stream 
for spooled M. fasciolatus males was 12.5 m (Streatfeild 1999). However, in the 
same study, longer term radio-tracking resulted in a mean diurnal refuge distance 
from the stream of 47.1 m (Streatfeild 1999). This is most likely explained by 
spooled individuals being located close to the stream, and therefore the distance 
which individuals take refuge from the stream would be unlikely to increase 
considerably over a two-night period. Nevertheless, in this study individuals often 
moved large distances over two nights, and utilised areas within 20 m of the stream 
(Chapter 2), yet returned to refuge within close proximity to the stream at all sites. 
One possible explanation for this result was the riparian vegetation width. Sites B 
and site C were located close to roads and this could have limited the extent of 
suitable riparian vegetation for refuge in these sites. Therefore, in order to remain 
within the riparian vegetation, and away from an edge, individuals were required to 
take refuge close to the stream. However, diurnal refuge distance to stream was also 
low in site A, where riparian vegetation condition was high, and there were no roads 
or edges in close proximity to the stream. Therefore, the low distance of diurnal 
refuges to the stream in all three sites could also be a result of reproductive behaviour 
or seasonal environmental conditions. 
Because the study took place in the breeding season, and only males were 
sampled, it was possible that refuges close to the stream were favoured in order to 
maintain a reproductive advantage (Wells 1977a). For example, Doak (2005) found 
that male M. fleayi took refuge closer to the stream than females, possibly as a way 
to defend territories close to breeding sites and advertise for mates. Streatfeild (1999) 
also found that female M. fasciolatus were located greater distances away from the 
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stream than males, supporting the hypothesis that reproductive behaviour influences 
retreat distance to stream in this species. 
Anurans are also known to take refuge closer to the stream depending on 
environmental conditions (Schwarzkopf & Alford 1996). Therefore, the close 
proximity of diurnal refuges to the stream may also indicate desiccation minimising 
behaviour. Being close to water can reduce time and energy spent travelling to a 
rehydration point (Bleach et al. 2014). In a study on retreat use by three Australian 
frogs (Litoria tornieri, L. nasuta and L. dahlii) faced with a choice of physically 
similar burrows, frogs actively selected those with high thermal variation and close 
to the water (Bleach et al. 2014). In another study, Garnham et al. (2015) found that 
the majority of overwintering sites for green and golden bell frogs (L. aurea) were 
located within 5 m of the edge of the water, which was thought to be important for 
reducing the risk of predation and desiccation. In addition, Streatfeild (1999) noted a 
weak trend for males to remain closer to the stream as the months become colder and 
drier. Therefore, M. fasciolatus may refuge closer to the stream in dry conditions, 
such as during winter, or periods without rain. As a result, seasonal moisture levels 
during the sampling period or overall microhabitat suitability may explain the small 
distances of diurnal refuges from the stream found in this study. 
The influence of body size on diurnal refuge distance from the stream was also 
investigated, due to potentially increased water loss in smaller individuals as a result 
of their greater surface area to volume ratio. However, there was no relationship 
between body size and refuge distance from the stream in all three sites. Although 
this relationship has not previously been investigated for M. fasciolatus, a study on 
M. fleayi also found no significant relationship between the distance of diurnal 
refuges to the stream and snout-vent length for males or females (Doak 2005). The 
fact that both small and large adult males took refuge within close proximity to the 
stream during the breeding season, could be a result of the reproductive and 
environmental constraints discussed above. 
Diurnal refuge ground cover differed from overall site estimates, which 
demonstrates that M. fasciolatus actively select diurnal refuge locations based on 
specific microhabitat components. For all sites, leaf litter was present at diurnal 
refuges in greater proportions than site averages, while forb or shrub cover 
proportions were lower than site averages. In site C, grass cover was highly utilised 
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in diurnal refuges. Grass and leaf litter may provide the most suitable diurnal refuge 
conditions for M. fasciolatus. Specifically, their dense cover may minimise exposure 
of refuging individuals, reducing the risk of predation and also minimising 
desiccation (Duellman & Trueb 1986; Schwarzkopf & Alford 1996; Seebacher & 
Alford 2002; Roznik & Johnson 2009). Forb or shrub cover is typically more 
vertically projected than horizontally, thus providing less on-ground cover and this 
may explain its under-utilisation by M. fasciolatus. Microhabitats that offer dense 
cover such as leaf litter or thick vegetation, and provide protection from predators 
and desiccation, have been used as shelter sites by frogs in other studies (Spieler & 
Linsenmair 1998). For example, Garnham et al. (2015) found L. aurea to inhabit 
microhabitats that were more likely to conceal individuals from view, such as reeds, 
rock gabions and narrow-leaf sedges, more frequently than expected compared to 
other available habitat types. 
It is also interesting to consider that the majority of grass cover in site C was 
non-native, indicating M. fasciolatus do not avoid areas with non-native grass cover 
when choosing a refuge site. The dense cover provided by leaf litter or grass is likely 
a salient microhabitat feature for diurnal refuge site selection by M. fasciolatus. 
Therefore, even low condition sites that have high non-native grass cover may be 
suitable for this species. This knowledge should be applied to riparian corridor 
management guidelines, where site quality is often lower due to human-mediated 
disturbance leading to increased invasion of non-native species (Richardson et al. 
2007). 
Diurnal refuge soil moisture was similar between the three sites. However, a 
high variation in diurnal refuge soil moisture was found at site B, which indicates M. 
fasciolatus are tolerant to low diurnal refuge moisture levels when required. This was 
likely due to the close proximity of most refuges to the stream, whereby individuals 
were able to rehydrate during their nocturnal activities. Some frogs were also found 
to bury under the soil while in diurnal refuge (Appendix E), despite the presence of a 
leaf litter layer, and this behaviour would assist in further minimising desiccation. 
Although Streatfeild (1999) found one individual buried under sand, the behaviour of 
M. fasciolatus to frequently bury beneath soil during diurnal refuge has not 
previously been recorded. M. fasciolatus were even heard calling from beneath the 
soil at night on several occasions throughout the study period and this was confirmed 
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by triangulation and excavation of individuals from their refuge (pers. obs.). Bleach 
et al. (2014) found that several species of native frogs, in addition to cane toads (R. 
marinus), readily utilised artificial burrows. Burrow use increased on warm, dry days 
and decreased during cool, wet periods, demonstrating the importance of retreat sites 
to anurans during the dry-season in tropical Australia (Bleach et al. 2014). This 
behaviour would therefore assist M. fasciolatus in minimising desiccation during 
periods without rainfall or in areas of poor riparian vegetation condition. 
Differences in the riparian vegetation condition at the three sites did not 
influence whether or not M. fasciolatus remained in their diurnal refuge. It was 
expected that there would be more inactive individuals in site C, due to the added 
stress of a poorer condition site, resulting in increased time spent within diurnal 
refuge. It is possible that although we perceive site C as being poor condition due to 
disturbance associated with clearing, high weed cover and location close to roads, the 
microhabitat requirements of M. fasciolatus are met because of the dense ground 
cover. In addition, there was no difference in diurnal refuge soil moisture, or total 
distance moved prior to taking refuge, between active and inactive individuals for all 
sites. This points to an unknown biological or behavioural influence on whether or 
not an individual remains in their refuge for the night. 
3.4.1 Conclusion 
In this study, diurnal refuges of adult male M. fasciolatus were in close 
proximity to streams at all three sites, regardless of riparian vegetation condition. 
Therefore, protection of suitable refuge microhabitat within 10 m of streams would 
be the minimum required by adult male M. fasciolatus during the breeding season. 
However, the prevalence of male frogs in close proximity to the stream during the 
breeding season may result in increased competition for diurnal refuges that provide 
protection from predation and desiccation (Doak 2005). Diurnal refuge locations 
with dense vegetation such as grass or leaf litter were actively selected by M. 
fasciolatus, likely due to the protection they afford against predation and desiccation. 
Furthermore, in the low riparian vegetation condition site C, non-native grass cover 
was highly utilised as a refuge by M. fasciolatus. Therefore, management guidelines 
should aim to maintain or provide dense vegetation and ground cover, required by 
this species during diurnal refuge. Particularly in disturbed habitats, care should be 
taken during weed management, as removal of dense exotic ground vegetation may 
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decrease availability of suitable refuge locations for this species if no alternative 
cover is provided.  
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Chapter 4: General discussion 
4.1 MANAGEMENT AND CONSERVATION IMPLICATIONS 
4.1.1 Introduction 
This study investigated the influence of riparian vegetation condition on 
movement and microhabitat use by Mixophyes fasciolatus. Stream-associated 
anurans such as M. fasciolatus are biphasic, and their occurrence therefore relies 
upon both stream health and the surrounding riparian vegetation condition. Riparian 
vegetation in Australia is increasingly impacted by surrounding land-use change and 
encroaching urbanisation. M. fasciolatus was chosen as the target species for this 
study because it is often found in disturbed environments, and therefore if movement 
and microhabitat use in this species is affected by riparian vegetation condition then 
it will provide insight into terrestrial processes threatening stream breeding frogs in 
general (Hines et al. 1999) and inform management guidelines. 
4.1.2 Riparian buffer zones 
Riparian buffer zones, which designate the distance from a stream where land 
use is restricted (Naiman & Décamps 1997) are a common management tool in the 
protection of streams and their associated riparian biota (Semlitsch & Bodie 2003). 
The width of available riparian vegetation is known to be significant for many 
amphibian species (Rudolph & Dickson 1990; Semlitsch & Bodie 2003; Stoddard & 
Hayes 2005). As such, recommendations of riparian buffer zone widths are a 
common management strategy for the conservation of many amphibian species, 
including stream-associated anurans. For example, a spool-tracking study on M. 
iteratus determined that the majority of their movements took place within a 20 m 
area either side of the stream, and that the prescribed buffer width of 30 m was 
therefore suitable (Lemckert & Brassil 2000). The additional 10 m that was rarely 
used was able to buffer against potential edge effects. Streatfeild (1999) found that 
movement by adult M. iteratus exceeded the recommended 30 m riparian buffer 
widths in Queensland for that species, and instead proposed a 60 m buffer either side 
of the stream for their protection.  
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Based on the results from this study, a riparian vegetation buffer width of at 
least 40 m either side of the stream is recommended for protection of M. fasciolatus 
males during the breeding season. Movements by M. fasciolatus were typically 
restricted to an area with 20 m of the stream. However, the additional 20 m is 
recommended in order to buffer against edge effects and occasional use beyond this 
area. For example, a barrier to movement for several individuals from site B was 
visible, which coincided with the edge of the riparian vegetation and the car park. 
The distance to Mount Glorious Road from site B was around 32 m, and the car park 
further reduced the riparian vegetation available, indicating the riparian vegetation 
width of site B is likely too low for this species. Furthermore, a frog from the poor 
condition site C, utilised areas greater than 20 m from the stream and took refuge 
32.2 m from the stream. As a result, the 40 m buffer proposed would be necessary for 
M. fasciolatus based on the microhabitat use found in this study. This 
recommendation should be considered a minimum buffer width, particularly for 
areas in close proximity to disturbances associated with land use change and roads, 
because edge effects can be more distinct when riparian buffers are narrower (Murcia 
1995; Crawford & Semlitsch 2007). 
The current riparian buffer width guidelines in the Samford Valley would 
therefore be adequate for this species. In the Samford Valley, physical disturbance of 
stream bed and banks, and removal of vegetation is restricted within 50 m of the 
stream channel edge for streams which are classified as disturbed or polluted, such as 
the South Pine River and Samford Creek (Moreton Bay Regional Council 2011). 
However, only adult males were sampled during the breeding season. Further 
investigation of movement by female and juvenile M. fasciolatus in the breeding and 
non-breeding seasons would be required for the most comprehensive buffer width 
recommendations.  
4.1.3 Riparian vegetation condition 
Movements and microhabitat use by M. fasciolatus were found to differ in 
relation to riparian vegetation condition. Therefore, riparian vegetation condition, as 
opposed to width, may be a more significant factor in the conservation of this 
species. The contributions to water quality and aquatic habitat by riparian vegetation 
have long been recognised (Gregory et al. 1991). Consequently, riparian buffer 
management is typically focused on stream properties (Lee et al. 2004), where width 
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of the buffer is the primary determining factor for its effectiveness (Pert et al. 2010). 
As a result, management guidelines often overlook the condition of riparian 
vegetation, at the detriment of species which rely on riparian vegetation for their 
primary habitat, or as corridors for dispersal.  
In this study, the distance moved and area utilised by M. fasciolatus was found 
to increase in sites of lower riparian vegetation condition. In addition, movement 
patterns, space use sharing and diurnal refuge microhabitat use differed in the lower 
condition sites, in comparison to the site of highest condition. Although this study 
did not reveal the specific mechanism of increased movements by M. fasciolatus, the 
potential influence of riparian vegetation condition on daily microhabitat use by this 
species is evident. Disturbance events that alter riparian habitats may influence the 
abundance and viability of stream amphibians, through impacts on reproduction, 
foraging, dispersal, and overwintering habitat (Stoddard & Hayes 2005). Riparian 
vegetation condition should therefore be incorporated into management guidelines 
for the conservation of this species, due to the altered movement and microhabitat 
use by M. fasciolatus in sites of lower condition, which could potentially lower 
fitness of individuals and populations.  
Firstly, riparian zones consisting of remnant vegetation where this species is 
present should be the focus of ongoing management. For example, the presence of 
exotic vegetation such as Lantana camara in site B reduced the condition of this site. 
Gooden et al. (2009) investigated the effects of L. camara in wet sclerophyll forest in 
south-eastern Australia. They found invasion of L. camara resulted in significant 
adverse effects on native vascular plant species richness and composition across all 
major structural groups, especially tree and shrub species. Ongoing weed 
management programs are therefore recommended in remnant riparian areas 
inhabited by M. fasciolatus, such as site B, in order to improve riparian vegetation 
condition, and prevent further reduction in condition.  
Secondly, riparian vegetation in areas that have been degraded or cleared, such 
as corridors, should be the focus of rehabilitation strategies. In rehabilitated 
corridors, the regeneration of planted native species is necessary (Webb & Erskine 
2003). Strategies for these areas can include replanting of trees, shrubs and 
understorey, with species indigenous to the area. Strategies of species selection 
include vegetation surveys, conducted within remnant vegetation stands in sites 
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which are representative of the site requiring rehabilitation, historical site records, or 
scientific evaluation of trial plantings (Webb & Erskine 2003). Riparian zones are 
particularly prone to invasion by exotic plant species, as they are often disturbed 
areas (Cremer et al. 1999; Tickner et al. 2001). Therefore, removal and on-going 
control of exotic species in disturbed areas is also required, in order to increase 
riparian vegetation condition. However, invasive grass was found to be an important 
diurnal refuge microhabitat component for M. fasciolatus in site C, where riparian 
vegetation condition was lowest. Therefore, care should be taken when removing 
exotic vegetation without providing a suitable alternative for cover. As a short-term 
strategy, low-growing, dense native ground cover should be provided in low 
condition areas, in order to provide M. fasciolatus with microhabitat features that 
offer protection from predators and desiccation. This should be focused within 10 m 
either side of the stream, based on the diurnal refuge behaviour of M. fasciolatus in 
this study. In the long-term, however, removal of exotic vegetation, in addition to 
riparian vegetation rehabilitation, should increase the available leaf litter cover, 
which was also a highly utilised diurnal refuge microhabitat feature in this study. 
The apparent resilience of M. fasciolatus to decline, in comparison to other 
closely related stream breeding species, is thought to be linked partly to their broader 
habitat utilisation (Hines et al. 1999). Streatfeild (1999) described M. fasciolatus as a 
generalist species due to their broad habitat utilisation. Additionally, they are known 
to occur across a range of stream sizes, as well as lentic water bodies such as 
unconnected pools, billabongs and dams (Hines et al. 1999; Parris 2002). The 
evidence found in this study for altered microhabitat use by M. fasciolatus in relation 
to riparian vegetation condition, despite their generalist nature, suggests riparian 
vegetation condition could also be a significant factor for other stream-associated 
anuran species. As a result, riparian vegetation condition should be considered in 
future research and management guidelines for stream-associated anurans in general, 
due to the potential impact on individuals and populations.   
In this study for instance, M. fasciolatus were not located in the Samford 
Creek, South Pine River, and Cedar Creek corridors, despite extensive acoustic and 
tadpole surveys. Therefore, it is likely that gene flow along these corridors linking 
large remnant vegetation patches is restricted, which could be a result of poor 
riparian vegetation condition. This has significant consequences for the conservation 
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of this species, such as a loss of genetic diversity due to inbreeding, which can have a 
deleterious effect on population fitness (Reed & Frankham 2003). For instance, 
investigation of gene flow in Rana temporaria (common frog) populations found 
lower levels of genetic diversity in urban populations compared to rural populations, 
likely resulting from habitat and land use change associated with urbanisation 
(Hitchings & Beebee 1997). Furthermore, urban populations experienced higher 
levels of mortality and developmental abnormality, which are indicators of 
inbreeding and low genetic variation. Future research should therefore investigate the 
population genetics of M. fasciolatus in large remnant vegetation patches 
surrounding the D’Aguilar National Park, in order to determine if movement and 
gene flow are restricted. 
Riparian vegetation condition may be even more significant for species which 
are considered to be habitat specialists, such as M. iteratus, which has undergone 
significant population declines and is classified as endangered (Hines et al. 1999; 
Hines et al. 2004). Lemckert (1999) found that M. iteratus was less abundant in 
recently logged areas, but they are also known to colonise and use plantations and 
vegetated streams in otherwise cleared agricultural lands (Hines et al. 2004). 
However, there has been no investigation into their microhabitat use in sites that vary 
in ecological condition, or their specific microhabitat requirements. There is also a 
lack of knowledge on the microhabitat requirements of M. fleayi, yet habitat 
degradation due to feral animals, weed invasion, changes in flow regimes caused by 
land clearing are all considered to be possible causes for population declines (Hines 
et al. 1999). Future research into threatened stream-associated species such as M. 
iteratus and M. fleayi should therefore investigate their microhabitat use in relation to 
riparian vegetation condition. The knowledge gained from such research would allow 
for the provision of specific microhabitat recommendations and improve the 
effectiveness of conservation strategies for these species.  
In the absence of detailed microhabitat use studies for these species, however, 
the recommendation of providing suitable diurnal refuge microhabitat conditions in 
this study could also benefit the closely related M. iteratus and M. fleayi. 
Microhabitat recommendations from this study may be particularly applicable to M. 
iteratus, which are known to shelter under leaf litter or vegetation providing cover, 
such as sedge grass (Streatfeild 1999; Lemckert & Brassil 2000), which is behaviour 
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similar to that observed in the current study on M. fasciolatus. M. fleayi males are 
also known to call from under leaf litter (Corben & Ingram 1987), however their 
diurnal refuge use is relatively unknown. In this study, leaf litter cover was highly 
utilised by M. fasciolatus in the sites of higher condition, while invasive grass was 
used as an alternative cover in the poor condition site. Therefore, provision of low-
growth, dense ground cover would likely also offer M. iteratus and M. fleayi suitable 
diurnal refuge conditions in areas which are of lower riparian vegetation condition or 
undergoing rehabilitation, as an alternative to leaf litter. Streatfeild (1999) found the 
mean refuge distance from stream for male and female M. iteratus was below 10 m, 
and Doak (2005) found the majority of M. fleayi diurnal refuges were within 15 m of 
the stream. Therefore, providing suitable diurnal refuge microhabitats specifically 
within 15 m of the stream would benefit these species during the breeding season.  
4.1.4 Stream condition 
It should be noted that this research was entirely terrestrial based, and the 
stream condition was not examined. Due to their aquatic life stage, stream-associated 
anurans also depend on the features of water bodies, in addition to terrestrial habitat. 
Therefore, recommendations for stream-associated anurans should also consider 
stream properties. For instance, in site C during the course of this study, the stream 
intermittently dried out in response to periods without rain. In addition, only two 
overwintering tadpoles were found in this site despite considerable search effort. 
This could be an indication that certain stream properties, such as intermittent flow, 
are less suitable for M. fasciolatus. However, further investigation would be required 
to confirm this. Nevertheless, when prioritising areas to conserve, management 
guidelines should also consider the long term characteristics of streams, rather than 
short term assessments which may only consider depth or structure on a single day. 
This could be particularly significant when prioritising management areas for 
anurans which rely on a permanent water presence for overwintering tadpoles.  
There is also a need for water quality criteria for anurans (Boyer & Grue 1995). 
For instance, exposure to aquatic toxicants, acidification, and agricultural 
contaminants are all potential threats to amphibian development and survival in 
aquatic ecosystems (Park et al. ; Boyer & Grue 1995; Bishop et al. 1999; Marco et 
al. 1999). In the future, research on M. fasciolatus should also focus on stream 
condition as well as vegetation condition. For instance, a population survey 
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conducted across streams of varied condition, assessed using the Healthy Waterways 
report card (Healthy Waterways 2015), could determine the stream condition 
requirements of M. fasciolatus in south east Queensland. This would help develop 
more comprehensive management guidelines, including suitable water quality 
criteria for this species.  
4.1.5 Application of management recommendations 
A common assumption of conservation management practices is that the same 
action will have a similar desired outcome wherever it is applied (Whittingham et al. 
2007). This study demonstrates the potential shortcomings of evaluating movement 
and microhabitat use of an anuran species in one particular condition site, in order to 
inform management guidelines. For instance, guidelines informed from the 
movements of a species in a good condition site, may underestimate the space 
required by the species in a poor condition site, such as a disturbed riparian corridor. 
Ficetola et al. (2009) examined the influence of landscape elements on stream 
amphibians in 77 distinct landscapes. In some cases, results varied between different 
landscapes, and the authors suggested caution should be used in the application of 
conservation recommendations to different areas. Therefore, management guidelines 
for anurans should be informed by multiple study sites where possible, in order to 
provide robust conservation recommendations.   
4.2 LIMITATIONS AND FUTURE RECOMMENDATIONS 
Spool tracking is an established method which has been used to provide 
detailed information on movements and habitat use in anurans, but also a range of 
mammals and invertebrates (Key & Woods 1996; Streatfeild 1999; Lemckert & 
Brassil 2000; Cunha & Vieira 2002; Doak 2005; Schlacher & Lucrezi 2010; Meyer 
& Cowie 2011). Waddell et al. (2016) also demonstrated the usefulness of the 
spooling technique to rapidly gather detailed ecological information on a range of 
herpetofauna species by measuring the length of unspooled thread for total distance, 
and the straight line distance between points for displacement. The advantage of 
measuring the length of unspooled thread is that information on distances moved by 
a species within a certain time period can be gathered quickly. But as was 
demonstrated in the current study, the spooling technique can also be used to gather 
more detailed information of microhabitat use. By measuring the distance and angle 
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of each change in direction, movement patterns and areas of use are able to be 
calculated and mapped, allowing for visual interpretation of microhabitat use. 
However, this method is much more time consuming, especially in dense areas such 
as rainforest. The field effort associated with following spool trails of M. fasciolatus 
during the day in this study was particularly high, due to the large distances moved in 
comparison to previous Australian spooling studies (Streatfeild 1999; Lemckert & 
Brassil 2000; Doak 2005). Nevertheless, this method does allow for a greater insight 
into the microhabitat use of a species, and it is recommended that it be used in 
conjunction to the rapid sampling method when possible.  
Future research using the spooling method should also consider the possible 
approaches of data analysis. In this study, movement was measured using the spool-
tracking method over a two-night period, following the methods previously used in 
similar studies on Mixophyes (Streatfeild 1999; Doak 2005). This method allows for 
analysis of movements within a full 24-hour period, which are the movements 
recorded on the second night of spooling. As a result, these studies did not utilise the 
first night of movement data, despite being recorded (Streatfeild 1999; Doak 2005). 
However, in the current study, movement data was first compared between night one 
and two, in order to determine any differences in movement between the nights. 
There were no differences detected in all three movement characteristics (total 
distance, mean run length, displacement) of individuals between night one and two 
(Chapter 2). Therefore, in order to utilise both nights of tracking data, the decision 
was made to analyse movement over a two-night period, rather than a 24-hour 
period.  
One potential reason that night one movement data was not utilised in previous 
studies is the hypothesis that initial handling of frogs, and attachment of the spooling 
device, could alter their regular nightly movements. Therefore, by only analysing the 
second night of movement, it is assumed that enough time has passed for the inferred 
stress of the frog to have subsided. Because the movement characteristics between 
night one and night two were similar in this study, spool attachment was considered 
unlikely to have influenced the night one results. Furthermore, individuals that were 
spooled during intense chorus nights, were placed on the ground and seen to 
immediately return to calling (pers. obs.). This is a potential indication of no lasting 
effects resulting from handling or spool attachment in this species. Another potential 
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reason to exclude night one movement data, is that frogs captured on the first night 
may have already undertaken some of their daily movements. However, because the 
times of capture were consistent across sampling nights, and relatively early in the 
night, individuals were unlikely to have undertaken significant movements prior to 
spooling. This was also reflected in the comparison of movement between night one 
and night two, as no significant difference in total distance moved between the nights 
was detected.  
The advantage of including the first night of movement was primarily a larger 
dataset, which allowed greater insight into the microhabitat use by this species over a 
short temporal time scale. However, care should be taken when analysing the 
movement of individuals over multiple nights. In this study, movement data from 
night one and two was pooled in order to analyse movements by M. fasciolatus over 
two nights. On the other hand, in a previous spooling study by Lemckert and Brassil 
(2000), M. iteratus were tracked for varying periods of time ranging from 1 to 4 
days, and each night of movement was included in the analysis. The issue with this 
method of analysis is that repeated nights of movement by the same individual are 
treated as independent samples, resulting in pseudoreplication. It is therefore 
recommended that future spooling studies that measure movement over multiple 
nights avoid pseudoreplication by analysing the total distance moved by each 
individual, rather than each night of data. 
In this study, only adult male M. fasciolatus were sampled during the breeding 
season. This was due to the difficulty of finding females, which would have greatly 
increased the overall sampling effort required, and resulted in a smaller sample size 
for analysis (Chapter 2). Only adults were sampled, due to the preferred large body 
size to prevent any harmful effects associated with the spooling device’s weight. 
Additionally, research was conducted only during the breeding season due to the 
difficulty in finding frogs during winter. As an avenue for future research into the 
microhabitat use by M. fasciolatus during the non-breeding season, it is 
recommended that frogs be captured towards the end of the breeding season, while 
still calling, and fitted with a radio-transmitter. These frogs can then be re-located 
during the non-breeding season, and attached with spooling devices, in order to 
measure daily microhabitat use. This strategy would be useful for a range of anuran 
species, as there are currently no detailed spooling analysis studies of Australian 
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anurans which have been conducted during the non-breeding season. Future research 
into M. fasciolatus microhabitat use should also include sampling of females and 
juveniles, in order to provide the most comprehensive management guidelines. In 
order to investigate microhabitat use by juveniles, radio-tracking using lightweight 
radio-transmitters (<1 g) would be the most suitable option, due to the weight of 
spooling devices which are generally greater than 3 g. In addition, it is recommended 
that alternative strategies such as pitfall traps are utilised to aid in the capture of 
females. 
The direct mechanisms resulting in altered microhabitat use by M. fasciolatus 
in sites of lower riparian vegetation condition were not revealed in this study. In 
order to determine this information, future research should aim to determine the diet 
and feeding behaviour of M. fasciolatus. Density and distribution of prey within sites 
of varied condition could then be analysed, in order to support the hypothesis of 
altered microhabitat use in poor riparian vegetation condition resulting from foraging 
behaviour.  
In this study, the spool attachment did not appear to influence the ability of M. 
fasciolatus to burrow into the soil, which has previously been considered a potential 
limitation in the spooling method (Lemckert & Brassil 2000; Doak 2005). Therefore, 
the spooling method may also be suitable for other species which are known to 
burrow into the soil, and for which no spooling study has been conducted. In 
addition, there were no negative effects of the spooling method on frogs in this study. 
In summary, this study has demonstrated the utility of the spooling method for 
gaining detailed information on the movements and microhabitat use by anurans over 
short periods of time. The knowledge gained from such research can provide 
valuable insight into the processes which threaten anurans and therefore inform 
appropriate management strategies for their future conservation. As such, it is 
recommended that this method continues to be used in future research. 
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Appendices 
Appendix A  
Night one and night two movements, including total distance moved (TDM), 
mean run length (MRL) and displacement between release/refuges (DBR), by 
spooled M. fasciolatus from sites A, B and C. See section 2.2.4 regarding spool 
failures 
Individual TDM (m) night 1 
MRL (m) 
night 1 
DBR (m) 
night 1 
TDM (m) 
night 2 
MRL (m) 
night 2 
DBR (m) 
night 2 
A1 36.3 1.51 6.7 0 0 0 
A2 32.5 1.35 6.7 44 1.13 5.3 
A3 35 1.4 17 35.5 1.31 21.8 
A4 19.2 0.87 6.5 26.7 0.99 2.1 
A5 24.4 1.06 6.4 0 0 0 
A6 33.7 1.47 10.8 0 0 0 
A7 6.1 0.68 1.7 14.5 0.85 3.9 
A8 0 0 0 0 0 0 
A9 9.2 1.02 4.2 28.5 1.19 8.1 
A10 37.4 1.29 14.2 49.8 1.38 18 
A11 32.4 1.2 2.1 58.4 0.96 1.6 
B1 3.8 1.9 0.3 44.5 2.23 10.2 
B2 34.9 1.16 6 51.8 1.08 1.2 
B3 35.7 1.15 0.4 0 0 0 
B4 22.1 1.58 5 117.2 2.13 n/a (spool failure) 
B5 21.2 0.46 5.4 53.2 0.89 1 
B6 25.7 0.78 1.1 49.5 1.24 3 
B7 10.7 0.89 8.7 71.6 1.33 22.7 
B8 18.5 0.88 5.6 0 0 0 
B9 2.6 0.43 0.6 0 0 0 
B10 74.9 1.19 27.6 114 1.61 69 
C1 29.1 1.62 0.9 0 0 0 
C2 95 2.11 4.2 n/a (spool failure) n/a n/a 
C3 23.7 0.99 0.6 93.9 1.65 19.4 
C4 51.4 2.34 34.5 61.3 1.92 17.4 
C5 16.8 0.84 5.5 0 0 0 
C6 112.5 2.81 n/a (spool failure) n/a n/a n/a 
C7 57 2.71 30.3 102.6 1.8 14.7 
C8 22.9 1.00 1.1 61.1 1.57 9.5 
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Appendix B 
Movement over two nights, including total distance moved (TDM), mean run 
length (MRL) and displacement between release/refuges (DBR), by spooled M. 
fasciolatus from sites A, B and C 
Individual Snout-vent length (mm) Weight (g) TDM (m) MRL (m) DBR (m) 
A1 76 38 36.3 1.51 6.7 
A2 69 42 76.5 1.21 12 
A3 73.5 46 70.5 1.36 38.8 
A4 72.5 44.5 45.9 0.94 8.6 
A5 66 46 24.4 1.06 6.4 
A6 69 44 33.7 1.47 10.8 
A7 64.5 42 20.6 0.79 5.6 
A8 63 41 0 0 0 
A9 64 35 37.7 1.14 12.3 
A10 71 38 87.2 1.34 32.2 
A11 61 31 90.8 1.03 3.7 
B1 65 n/a 48.3 2.20 10.5 
B2 65 40.5 86.7 1.11 7.2 
B3 75 53 35.7 1.15 0.4 
B4 74 57 139.3 2.02 n/a 
B5 63.9 30.5 74.4 0.70 6.4 
B6 63.4 29.5 75.2 1.03 4.1 
B7 64 31 82.3 1.25 31.4 
B8 60.5 36 18.5 0.88 5.6 
B9 62 30.5 2.6 0.43 0.6 
B10 71.5 38 188.9 1.41 96.6 
C1 62 36 29.1 1.62 0.9 
C2 62 30 n/a (spool failure) n/a n/a 
C3 69 40 117.6 1.45 20 
C4 65 40.5 112.7 2.087 51.9 
C5 61 25.5 16.8 0.84 5.5 
C6 60 28 n/a (spool failure) n/a n/a 
C7 64 31 159.6 2.05 45 
C8 62 33 84 1.36 10.6 
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Appendix C 
Distance moved (m), along, away and towards the stream, over two nights, by 
spooled M. fasciolatus from sites A, B and C 
Individual Along (m) Away (m) Towards (m) TDM (m) 
A1 18.10 12.00 6.20 36.30 
A2 38.80 21.00 16.70 76.50 
A3 37.00 24.80 8.70 70.50 
A4 17.10 11.10 17.70 45.90 
A5 17.70 4.90 1.80 24.40 
A6 16.70 10.70 6.30 33.70 
A7 11.00 7.50 2.10 20.60 
A8 0.00 0.00 0.00 0.00 
A9 20.70 4.90 12.10 37.70 
A10 54.30 19.10 13.80 87.20 
A11 48.60 19.70 22.50 90.80 
B1 30.50 9.70 8.10 48.30 
B2 61.66 7.10 17.94 86.70 
B3 24.40 6.70 4.60 35.70 
B4 104.20 1.80 33.30 139.30 
B5 30.60 20.80 23.00 74.40 
B6 36.50 17.60 21.10 75.20 
B7 59.50 7.50 15.30 82.30 
B8 6.10 4.40 8.00 18.50 
B9 1.10 0.70 0.80 2.60 
B10 105.30 47.00 36.60 188.90 
C1 23.70 2.80 2.60 29.10 
C2 51.10 24.50 19.40 95.00 
C3 71.10 20.90 25.60 117.60 
C4 80.30 14.20 18.20 112.70 
C5 n/a (dry stream) n/a n/a 16.8 
C6 67.20 17.00 28.30 112.50 
C7 65.30 31.80 62.50 159.60 
C8 53.20 7.30 23.50 84.00 
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Appendix D 
Distance of release point (RP), diurnal refuge one (DR1) and diurnal refuge two 
(DR2) from the stream, and the average diurnal refuge (DR) distance from 
stream, for spooled M. fasciolatus from sites A, B and C 
Individual RP to stream DR1 to stream DR2 to stream Average DR to stream 
A1 4.7 10.6 10.6 10.6 
A2 1.1 5.7 1.4 3.55 
A3 6.2 5.7 24.2 14.95 
A4 7.6 1.9 3.2 2.55 
A5 4 5.9 5.9 5.9 
A6 1.2 11.7 11.7 11.7 
A7 1.6 1.4 5.5 3.45 
A8 1.3 1.3 1.3 1.3 
A9 1.8 1.3 4.8 3.05 
A10 0 0 8.5 4.25 
A11 4.9 2.7 3.5 3.1 
B1 2.7 2.4 3.9 3.15 
B2 3.7 3.1 2.3 2.7 
B3 0.8 0.6 0.6 0.6 
B4 3.6 1.4 n/a (spool failure) n/a 
B5 1.8 1 1.3 1.15 
B6 4.7 5.3 2.6 3.95 
B7 1.2 3.2 2.6 2.9 
B8 13.7 8.4 8.4 8.4 
B9 2 1.8 1.8 1.8 
B10 3.1 18.8 2.6 10.7 
C1 2 0.9 0.9 0.9 
C2 2.8 7.1 n/a (spool failure) n/a 
C3 2.4 1.9 0 0.95 
C4 2.9 5.8 3 4.4 
C5 n/a (dry stream) n/a n/a n/a 
C6 3.5 n/a (spool failure) n/a n/a 
C7 8 12.7 4.2 8.45 
C8 33.4 32.2 24.2 28.2 
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Appendix E 
Substrate type directly below M. fasciolatus in diurnal refuge one (DR1) or two 
(DR2), and depth of refuge, either beneath leaf litter (litter), <2 cm of soil 
(shallow) or >2 cm of soil (deep), for sites A, B and C 
Individual Substrate DR1 Refuge depth DR1 Substrate DR2 Refuge depth DR2 
A1 soil litter soil litter 
A2 soil litter soil litter 
A3 soil litter soil litter 
A4 soil litter soil litter 
A5 soil shallow soil shallow 
A6 soil shallow soil shallow 
A7 soil litter soil litter 
A8 soil shallow soil shallow 
A9 rock litter soil litter 
A10 debris litter soil litter 
A11 soil litter soil litter 
B1 soil shallow rock litter 
B2 soil litter soil litter 
B3 soil deep soil deep 
B4 rock litter n/a (spool failure) n/a 
B5 soil litter soil litter 
B6 rock litter soil shallow 
B7 rock litter soil litter 
B8 soil shallow soil shallow 
B9 soil deep soil deep 
B10 soil deep rock litter 
C1 soil shallow soil shallow 
C2 soil shallow n/a (spool failure) n/a 
C3 soil litter rock none 
C4 soil litter soil shallow 
C5 rock litter rock litter 
C6 n/a (spool failure) n/a n/a n/a 
C7 soil litter rock litter 
C8 soil deep soil shallow 
 
 
